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T I TL E OF T HE INVE NTION 

ELECTRON EMISSION DEVICE, COLD CATHODE FIELD 
EMISSION DEVICE AND METHOD FOR THE PRODUCTION 
THEREOF, AND COLD CATHODE FIELD EMISSION DISPLAY 
AND METHOD FOR THE PRODUCTION THEREOF 



BACKGROUND OF THE INVENTION AND RELATED ART STATEMENT 

The present invention relates to an electron 
emission device for emitting electrons from a carbon 

10 film, a cold cathode field emission device having an 

electron emitting portion composed of a carbon film and 
a method for the production thereof, and it also relates 
to a cold cathode field emission display having such 
cold cathode field emission devices and a method for the 

Ifj production thereof. 

In the fields of displays for use in television 
receivers and information terminals, studies have been 
made for replacing conventionally mainstream cathode ray 
tubes (CRT) with flat-panel displays which are to comply 

20 with demands for a decrease in thickness, a decrease in 
weight, a larger screen and a high fineness. Such flat 
panel displays include a liquid crystal display (LCD), 
an electroluminescence display (ELD), a plasma display 
panel (POP) and a cold cathode field emission display 

25 (FED). Of these, a liquid crystal display is widely 
used as a display for an information terminal. For 
applying the liquid crystal display to a floor-type 
television receiver, however, it still has problems to 
be solved concerning a higher brightness and an increase 

:]() in size. In contrast, a cold cathode field emission 

display uses cold cathode field emission devices (to be 
sometimes referred to as "field emission device" 
hereinafter) capable of emitting electrons from a solid 
into a vacuum on the basis of a quantum tunnel effect 

35 without relying on thermal excitation, and it is of 

great interest from the viewpoints of a high brightness 
and a low power consumption. 
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Fig. 17 shows an example of constitution of a 
cold cathode field emission display (to be sometimes 
referred to as "display" hereinafter) using field 
emission devices. The field emission device shown in 
0 Fig. 17 is a so-called Spindt type field emission device 
having a conical electron emitting portion. Such a 
field emission device comprises a cathode electrode 111 
formed on a supporting substrate 110, an insulating 
layer 112 formed on the supporting substrate 110 and the 

10 cathode electrode 111, a gate electrode 113 formed on 
the insulating layer 112, an opening portion 114 formed 
in the gate electrode 113 and the insulating layer 112, 
and a conical electron emitting portion 115 formed on 
the cathode electrode 111 positioned in a bottom portion 

If) of the opening portion 114. Generally, the cathode 

electrode 111 and the gate electrode 113 are formed in 
the form of a stripe each in directions in which 
projection images of these two electrodes cross each 
other at right angles. Generally, a plurality of field 

20 emission devices are arranged in a region (corresponding 
to one pixel, the region will be called an "overlapped 
region" hereinafter) where the projection images of the 
above two electrodes overlap. Further, generally, such 
overlapped regions are arranged in the form of a matrix 

25 within an effective field (which works as an actual 
display portion) of a cathode panel CP. 

An anode panel AP comprises a substrate 30, a 
fluorescent layer 31 which is formed on the substrate 30 
and has a predetermined pattern, and an anode electrode 

:!() 33 formed thereon. One pixel is constituted of a group 
of the field emission devices arranged in the overlapped 
region of the cathode electrode 111 and the gate 
electrode 113 on the cathode panel side and the 
fluorescent layer 31 which is opposed to the above group 
of the field emission devices and is on the anode panel 
AP . In the effective field, such pixels are arranged on 
the order of hundreds of thousands to several millions. 
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On the substrate 30 between one fluorescent layer 31 and 
another fluorescent layer 31, a black matrix 32 is 
formed . 

The anode panel AP and the cathode panel CP are 
T) arranged such that the field emission devices and the 
fluorescent layers are opposed to each other, and the 
anode panel AP and the cathode panel CP are bonded to 
each other in their circumferential portions through a 
frame 34, whereby the display is produced. In an 

10 ineffective field (ineffective field of the cathode 
panel CP in the example shown in Fig. 17) which 
surrounds the effective field and where a peripheral 
circuit for selecting pixels is formed, a through hole 
36 for vacuuming is provided, and a tip tube 37 is 

15 connected to the through hole 3 6 and sealed after 

vacuuming. That is, a space surrounded by the anode 
panel AP , the cathode panel CP and the frame 34 is in a 
vacuum state. 

A relatively negative voltage is applied to the 

20 cathode electrode 111 from a scanning circuit 40, a 
relatively positive voltage is applied to the gate 
electrode 113 from a control circuit 41, and a positive 
voltage having a higher level than the voltage applied 
to the gate electrode 113 is applied to the anode 

2.5 electrode 33 from the accelerating power source 42. 

When such a display is used for displaying on its screen, 
a scanning signal is inputted to the cathode electrode 
111 from the scanning circuit 40, and a video signal is 
inputted to the gate electrode 113 from the control 

■U) circuit 41. Due to an electric field generated when a 

voltage is applied between the cathode electrode 111 and 
the gate electrode 113, electrons are emitted from the 
electron emitting portion 115 on the basis of a quantum 
tunnel effect, and the electrons are attracted toward 
the anode electrode 33 and collide with the fluorescent 
layer 31. As a result, the fluorescent layer 31 is 
excited to emit light, and a desired image can be 
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obtained. That is, the working of the display is 
controlled, in principle, by a voltage applied to the 
gate electrode 113 and a voltage applied to the electron 
emitting portion 115 through the cathode electrode 111. 
T) In the above display constitution, it is 

effective to sharpen the top end portion of the electron 
emitting portion for attaining a large current of 
emitted electrons at a low driving voltage, and from 
this viewpoint, the electron emitting portion 115 of the 

10 above Spindt type field emission dfvice can be said to 
have excellent performances. However, the formation of 
the conical electron emitting portion 115 requires 
advanced processing techniques, and with an increase in 
the area of the effective field, it is beginning to be 

If) difficult to form the electron emitting portions 115 

uniformly all over the effective field since the number 
of the electron emitting portions 115 totals up to tens 
of millions in some cases. 

There has been therefore proposed a so-called 

20 flat-surface type field emission device which uses a 
flat electron emitting portion exposed in a bottom 
portion of an opening portion without using the conical 
electron emitting portion. The electron emitting 
portion of the flat-surface type field emission device 

25 is formed on a cathode electrode, and it is composed of 
a material having a lower work function than a material 
constituting the cathode electrode for achieving a high 
current of emitted electrons even if the electron 
emitting portion is flat. In recent years, it has been 

■K) proposed to use a carbon material as the above material. 

For example, in Lecture No. 15p-P-13 on page 480 
of preprints of No. 59 Applied Physics Society Lectures 
(1998), a DLC (diamond-like carbon) thin film is 
proposed. When a carbon material is formed into a thin 

'.'>f> film, a method for processing (patterning) the thin film 
is required. As a patterning method therefor, for 
example. Lecture No. 16p-N-ll on page 489 of the above 
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preprints (1998) proposes an ECR plasma processing of a 
diamond thin film with oxygen gas as an etching gas. 
Generally, an SiOj-containing material is used as a mask 
for etching in the plasma processing of a diamond thin 
r, film. 

Further, in Lecture No. 2p-H-6 on page 631 of 
preprints of No. 60 Applied Physics Society Lectures 
(1999) (to be referred to as Literature- 1 ) , there is 
disclosed a flat-surface-structured electron emitter 

10 obtained by scratch-processing a surface of a titanium 
thin film formed on a quartz substrate by an electron 
beam deposition method, with a diamond powder, then 
patterning the titanium thin film to form a several ^im 
gap in a central portion, and then, forming a non-doped 

15 diamond thin film on the titanium thin film. In Lecture 
No- 2p-H-ll on page 632 of preprints of No. 60 Applied 
Physics Society Lectures (1999) (to be referred to as 
Literature-2 ) , there is disclosed a method in which a 
carbon nano-tube is formed on a quartz glass provided 

20 with a metal cross line. 

When a carbon film such as DLC is plasma-etched 
with oxygen gas with using a resist layer as an etching 
mask, a deposition product of a (CH^)- or (CFx)-based 
carbon polymer is generated as a reaction byproduct in 

25 the etching reaction system. When a deposition product 
is generated in the etching reaction system in the 
plasma etching, generally, the deposition product is 
formed on a side wall surface of a resist layer which 
side wall surface has a low ion incidence probability or 

■U) is formed on a processed end surface of a material being 
etched, to form a so-called side wall protective film, 
and it contributes to accomplishment of the form 
obtained by anisotropic processing a material being 
etched. When oxygen gas is used as an etching gas, 

:'>5 however, the side wall protective film composed of the 
carbon polymer is removed by oxygen gas upon the 
formation thereof. Further, when oxygen gas is used as 
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an etching gas, the resist layer is worn to a great 
extent. For these reasons, in the conventional oxygen 
plasma process of a diamond thin film, the pattern 
transfer difference of the diamond thin film from the 
mask is large, and an anisotropic processing is also 
difficult . 

Further, in techniques disclosed in Literature-1 
and Literature-2 , a carbon film is formed on a metal 
thin layer. However, the carbon film is formed in any 
portion of the metal thin layer, so that it cannot be 
said that it is practical to apply these techniques, for 
example, to the production of the cold cathode field 
emission device. It is also difficult to pattern a 
carbon film for forming the carbon film as desired, as 
has been described above. 

OBJECT AND SUMMARY OF THE INVENTION 

It is therefore an object of the present 
invention to provide an electron emission device having 
20 a carbon film reliably formed in a desired portion of a 
conductive layer, a cold cathode field emission device 
having a carbon film reliably formed in a desired 
portion of a cathode electrode and a method for the 
production thereof. It is another object of the present 
25 invention to provide a cold cathode field emission 

display having such cold cathode field emission devices 
incorporated and a method for the production thereof. 

The electron emission device of the present 
invention for achieving the above object has an electron 
'M) emitting portion comprising; 

(a) a conductive layer with a carbon film 
selective-growth region formed on a surface thereof, and 

(b) an electron emitting portion composed of a 
carbon film formed on the carbon film selective-growth 

■^T) region. 

According to a first aspect of the present 
invention for achieving the above object, there is 
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provided a cold cathode fxeld emission display to whxch 
the electron emission device of the present invention xs 
incorporated. That xs , the cold cathode fxeld emissxon 
display according to the first aspect of the present 
invention comprises a plurality of pixels, 

each pixel comprising a cold cathode field 
emission device, an anode electrode and a fluorescent 
layer, the anode electrode and the fluorescent layer 
being formed on a substrate so as to be opposed to the 
cold cathode field emission device, and 

the cold cathode field emission device 

comprising ; 

(a) a conductive layer with a carbon film 
selective-growth region formed on a surface thereof, and 

(b) an electron emitting portion composed of a 
carbon film formed on the carbon film selective-growth 
region • 

For allowing the carbon film to emit electrons 
in the electron emission device or the cold cathode 
, field emission display according to the first aspect of 
the present invention, it is sufficient to constxtute a 
state where the carbon film is placed in a proper 
electric field (for example, an electric field havxng an 
intensity of approximately 10^ volts/cm). 

A cold cathode field emission device accordxng 
to a first aspect of the present invention for achieving 
the above object of the present invention comprises; 

(a) a cathode electrode formed on a supporting 
substrate, and 

U) (b) a gate electrode which is formed above the 

cathode electrode and has an opening portion, 
and further comprises; 

(c) an electron emitting portion composed of a 
carbon film formed on a surface of a portion of the 
cathode electrode which portion is positioned in a 
bottom portion of the opening portion. 

According to a second aspect of the present 



invention for achieving the above object, there is 
provided a cold cathode field emission display in which 
the cold cathode field emission device according to the 
first aspect of the present invention is incorporated. 
5 That is, the cold cathode field emission display 

according to the second aspect of the present invention 
comprises a plurality of pixels, 

each pixel comprises a cold cathode field 
emission device, an anode electrode and a fluorescent 
K) layer, the anode electrode and the fluorescent layer 
berng formed on a substrate so as to be opposed to the 
cold cathode field emission device, and 

the cold cathode field emission device 
comprises ; 

15 (a) a cathode electrode formed on a supporting 

substrate, and 

(b) a gate electrode which is formed above the 
cathode electrode and has an opening portion, 
and further comprises; 
20 (c) an electron emitting portion composed of a 

carbon film formed on a surface of a portion of the 
cathode electrode which portion is positioned in a 
bottom portion of the opening portion. 

in the cold cathode field emission device 
2.5 according to the first aspect of the present invention 
or the cold cathode field emission display according to 
the second aspect of the present invention, preferably, 
the cathode electrode is composed of copper (Cu), silver 
(A) or gold (Au) for decreasing the resistance of the 
:]() cathode electrode. 

in the cold cathode field emission device 
according to the first aspect of the present invention 
or the cold cathode field emission display according to 
the second aspect of the present invention, it is 
:^5 preferred to employ a constitution in which an 

insulating layer is formed on the supporting substrate 
and the cathode electrode, and a second opening portion 



• ■.i-^r.r^ with the ooeninq portion formed in the 
communxcat rng witn rne upt:iixiivj 

gate electrode is formed in the insulating layer. 
However, the present invention shall not be limited to 
the above constitution. For example, there may be 
employed a structure in which a metal layer (for example, 
a sheet or a stripe-like member composed of a metal) 
constituting the gate electrode having opening portions 
is arranged above the electron emitting portion wxth a 
gate electrode supporting member. 

The cold cathode field emission device according 
to a second aspect of the present invention for 
achieving the above object comprises; 

(a) a cathode electrode formed on a supporting 

substrate, and 

(b) a gate electrode which is formed above the 
cathode electrode and has an opening portion, 

and further comprises; 

(c) a carbon film selective-growth region formed 
at least on a surface of a portion of the cathode 

) electrode which portion is positioned in a bottom 
portion of the opening portion, and 

(d) an electron emitting portion composed of a 
carbon film formed on the carbon film selective-growth 
region . 

According to a third aspect of the present 
invention for achieving the above object, there is 
provided a cold cathode field emission display in which 
the cold cathode field emission device according to the 
second aspect of the present invention is incorporated. 
50 That is, the cold cathode field emission display 

according to the third aspect of the present invention 
comprises a plurality of pixels, 

each pixel comprises a cold cathode field 
emission device, an anode electrode and a fluorescent 
■io layer, the anode electrode and the fluorescent layer 
being formed on a substrate so as to be opposed to the 
cold cathode field emission device, and 
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the cold cathode field emission device 
comprises; 

(a) a cathode electrode formed on a supporting 
substrate, 

(b) a gate electrode which is formed above the 
cathode electrode and has an opening portion, 

(c) a carbon film selective-growth region formed 
at least on a surface of a portion of the cathode 
electrode which portion is positioned in a bottom 
portion of the opening portion, and 

(d) an electron emitting portion composed of a 
carbon film formed on the carbon film selective-growth 
region . 

in the cold cathode field emission device 
, according to the first aspect or second aspect of the 
present invention, electrons are emitted from the 
electron emitting portion composed of the carbon fxlm on 
the basis of an electrxc field (for example, an electrxc 
field having an intensity of approximately 10^ volts/cm) 
3 generated by applying a voltage to the cathode electrode 
and the gate electrode. In the cold cathode fxeld 
emission display according to the second aspect or thxrd 
aspect of the present invention, electrons are emitted 
from the electron emitting portion composed of the 
■5 carbon film on the basis of an electric field (for 
example, an electric field having an intensity of 
ar^r^roximately 10^ volts/cm) generated by applying a 
voltage to the cathode electrode and the gate electrode, 
and these electrons are allowed to collide with the 
,n fluorescent layer, whereby an image can be obtained. 

in the electron emission device of the present 
invention, the cold cathode field emission device 
according to the second aspect of the present invention 
or the cold cathode field emission display according to 
•5o the first aspect or the third aspect of the present 
invention, the carbon film selective-growth region is 
preferably that portion of the conductive layer or the 
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catnode electrode onto a surface o£ which portion ™etal 
particles adhere, or that portron of the conductrve 
layer or the cathode electrode on a surface of whrch 

ortion a .etal thin layer or an organo.etallrc compound 
thin layer is for.ed. For -na.ing the selectrve growth 
of the carbon filr» on the carbon film selectrve-growth 
region .ore reliable, desirably, the surface of the 
carbon film selective-growth region has sulfur (S), 
boron (B) or phosphorus (P) adhering thereto. It xs 
considered that the above materials work as a krnd of 
cata yst, and the presence of such materials can rmprove 
tne carb;n film more in the property of selectxve growth. 

in the cold cathode field emission device 
according to the second aspect of the present inventron 
or the cold cathode field emission display according to 
the third aspect of the present invention, it is 
Tufficient that the carbon film selective-growth region 
should be formed on the surface of the portion of the 
cathode electrode which portion is positioned m the 
bottom portion of the opening portion. The -rbon film 
selective-growth region may be formed so as to extend 
from the portion of the cathode electrode which portion 
is positioned in the bottom portion of the opening 
portion to a surface of a portion of the cathode 
Electrode which portion is located in other than the 
bottom portion of the opening portion. Further, the 
carbon film selective-growth region may be formed on the 
entirety of the surface of the portion of the cathode 
electrode which portion is positioned in the bottom 
:„ portion of the opening portion, or it may be formed m 
part of the above portion. 

in the cold cathode field emission device 
according to the second aspect of the present invention 
or the cold cathode field emission display according to 
:,5 the third aspect of the present invention, there may be 
employed a constitution in which an insulating layer 
formed on the supporting substrate and the cathode 
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electrode, a second opening portion communicating with 
the opening portron (to be sometimes referred to as 
■■first opening portion" hereinafter) formed xn the gate 
electrode is formed in the insulating layer, and the 
carbon film is positioned in a bottom portion of the 
second opening portion. The first opening portron and 
the second opening portion have a one-to-one 
correspondence relationship. That is, one second 
opening portion is formed per first opening portron. 
The cold cathode field emission device according to the 
second aspect of the present invention or the cold 
cathode field emission display according to the third 
aspect of the present invention shall not be limited to 
the above structure. For example, there may be employed 
a structure in which a metal layer (for example, a sheet 
or a stripe-like member composed of a metal) 
constituting the gate electrode having opening portions 
is arranged above the electron emitting portion with a 
gate electrode supporting member. 
) A method for the production of a cold cathode 

field emission device, according to a first aspect of 
the present invention for achieving the above object, 
comprises the steps of; 

(A) forming a cathode electrode on a supporting 

f) substrate, 

(B) forming an insulating layer on the 
supporting substrate and the cathode electrode, 

(C) forming a gate electrode having an opening 
portion on the insulating layer, 

iO (D) forming, in the insulating layer, a second 

opening portion communicating with the opening portion 
formed in the gate electrode, 

(E) forming a carbon film selective-growth 
region on a surface of a portion of the cathode 

55 electrode which portion is positioned in a bottom 
portion of the second opening portion (carbon film 
selective-growth region formation step), and 
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(F) forming a carbon film on the carbon film 
selective-growth region. 

The method for the production of a cold cathode 
field emission display, according to a first aspect of 
the present invention for achieving the above object, is 
a production method in which the method for the 
production of a cold cathode field emission device, 
according to the first aspect of the present invention, 
is applied to the method for the production of a cold 
cathode field emission display. That is, the above 
method according to the first aspect of the present 
invention comprises arranging a substrate having an 
anode electrode and a fluorescent layer formed thereon 
and a supporting substrate having a cold cathode field 
emission device formed thereon, such that the 
fluorescent layer and the cold cathode field emission 
device are opposed to each other, and bonding the 
substrate and the supporting substrate in 
circumferential portions thereof, 

wherein the cold cathode field emission device 
is produced by a method comprising the steps of; 

(A) forming a cathode electrode on a supporting 
substrate , 

(B) forming an insulating layer on the 

, supporting substrate and the cathode electrode, 

(C) forming a gate electrode having an opening 
portion on the insulating layer, 

(D) forming, in the insulating layer, a second 
opening portion communicating with the opening portion 

) formed in the gate electrode, 

(E) forming a carbon film selective-growth 
region on a surface of a portion of the cathode 
electrode which portion is positioned in a bottom 
portion of the second opening portion (carbon film 

f) selective-growth region formation step), and 

(F) forming a carbon film on the carbon film 
selective-growth region. 
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in the method for the production of a cold 
cathode field emission device according to the first 
aspect of the present invention or the method for the 
production of a cold cathode field emission display 
according to the first aspect of the present invention 
(these production methods will be sometimes generally 
referred to as "production method according to the first 
aspect of the present invention" hereinafter), the 
carbon film selective-growth region formation step may 
comprise the steps of forming a mask layer with a 
surface of the cathode electrode which surface is 
exposed in a central portion of the bottom portion of 
the second opening portion (i.e., forming a mask layer 
at least on a side wall of the second opening portion), 
and then allowing metal particles to adhere onto, or 
forming a metal thin layer or an organometallic compound 
thin layer on, the mask layer and the exposed surface of 
the cathode electrode. 

The above mask layer can be formed, for example, 
by a method in which a resist material layer or a hard 
sk material layer is formed on the entire surface and 
king a hole in a portion of the resist material layer 
or the hard mask material layer which portion is 
positioned in the central portion of the bottom portion 
of the second opening portion by lithography, in a 
state where the mask layer covers part of the cathode 
electrode which part is positioned in the bottom portion 
of the second opening portion, the side wall of the 
second opening portion, the side wall of the first 
opening portion, the insulating layer and the gate 
electrode, the carbon film selective-growth region is 
formed on the surface of the cathode electrode which 
surface is positioned in the central portion of the 
bottom portion of the second opening portion. Therefore, 
short-circuiting between the cathode electrode and tie 
gate electrode through the metal particles or the metal 
thin layer can be reliably prevented. In some cases. 
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the mask layer may cover the gate electrode alone. 
Otherwise, the mask layer may cover only the gate 
.i.ctrode in the vicxnxty of the first opcnxng portron, 
or the mask layer may cover the gate electrode xn the 
vicinity of the first opening portion and the side walls 
of the first and second opening portions. In these 
cases, a carbon film may be formed on the gate electrode 
depending upon an electrically conductive materxal 
constituting the gate electrode. However, electrons are 
not emitted when the above carbon film is not placed xn 
a high-intensxty electric field. It is preferred to 
remove the mask layer before the formation of the carbon 
film on the carbon film selective-growth regxon. 

in the production method according to the fxrst 
aspect of the present invention, the method for forming 
the gate electrode having the first opening portxon on 
the insulating layer includes a method in which an 
electrically conductive material layer for a gate 
electrode is formed on the insulating layer; then, a 
) patterned first mask material layer is formed on the 

electrically conductive material layer; the electrxcally 
conductive material layer is etched with using the fxrst 
mask material layer as an etching mask, to pattern the 
electrically conductive material layer; then, the fxrst 
5 mask material layer is removed; then, a patterned second 
mask material layer is formed on the electrxcally 
conductive material layer and the insulating layer; and 
the electrically conductive material layer is etcnea 
wxth using the second mask material layer as an etchxng 
;() mask, to form the first opening portion, and a method xn 
which the gate electrode having the first openxng 
portion is directly formed, for example, by a screen 
printing method. In these cases, the method for forming, 
in the insulating layer, the second opening portxon 
5r, communicating with the first openxng portion formed xn 
the gate electrode may be a method in whxch the 
insulating layer is etched with using the above second 
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mask materxal layer as an etchxng mask, or may be a 
method in whxch the insulating layer is etched wxth 
u.ina, as an etching mask, the first opening portxon 
formed in the gate electrode. The first opening portxon 
n and the second opening portion have a one-to-one 
correspondence relationship. That is, one second 
opening portion is formed per first opening portxon. 

The method for the production of a cold cathode 
field emission device, according to a second aspect of 
10 the present invention for achieving the above object 
comprises the steps of; 

(A) forming a cathode electrode on a supportxng 

substrate, 

(B) forming a carbon film selective-growth 

15 region on a surface of the cathode electrode (carbon 
film selective-growth region formation step), 

(C) forming a carbon film on the carbon film 
selective-growth region, and 

(D) forming a gate electrode having an opening 
20 portion above the carbon film. 

The method for the production of a cold cathode 
field emission display, according to a second aspect of 
the present invention for achieving the above object xs 
a method in which the method for the production of a 
25 cold cathode field emission device, according to the 
second aspect of the present invention, is applxed to 
the method for the production of a cold cathode fxeld 
emission display. That is, the above method accordxng 
to the second aspect of the present invention comprxses 
:M) arranging a substrate having an anode electrode and a 
fluorescent layer formed thereon and a supportxng 
substrate having a cold cathode field emission devxce 
formed thereon, such that the fluorescent layer and the 
cold cathode field emission device are opposed to each 
35 other, and bonding the substrate and the supportxng 
substrate in circumferential portions thereof, 

wherein the cold cathode field emission devxce 
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is produced by a method comprising the steps of; 

(A) forming a cathode electrode on a supportxng 
substrate , 

(B) forming a carbon film selective-growth 
region on a surface of the cathode electrode (carbon 
film selective-growth region formation step), 

(C) forming a carbon film on the carbon film 
selective-growth region, and 

(D) forming a gate electrode having an openxng 
portion above the carbon film. 

The method for the production of a cold cathode 
field emission device, according to a third aspect of 
the present invention for achieving the above object 
comprises the steps of; 

(A) forming a cathode electrode on a supporting 

substrate, 

(B) forming a carbon film selective-growth 
region on a surface of the cathode electrode (carbon 
film selective-growth region formation step), 

, (C) forming a gate electrode having an opening 

portion above the carbon film selective-growth region, 

and . 

(D) forming a carbon film on the carbon film 

selective-growth region. 

The method for the production of a cold cathode 
field emission display, according to a third aspect of 
the present invention for achieving the above object is 
a method in which the method for the production of a 
cold cathode field emission device, according to the 
;(, third aspect of the present invention, is applied to the 
method for the production of a cold cathode field 
emxssion display. That is, the above method according 
to the third aspect of the present invention comprises 
arranging a substrate having an anode electrode and a 
fluorescent layer formed thereon and a supporting 
substrate having a cold cathode field emission device 
formed thereon, such that the fluorescent layer and the 
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cold cathode field emission device are opposed to each 
other, and bonding the substrate and the supporting 
substrate in circumferential portions thereof, 

wherein the cold cathode field emission device 
is produced by a method comprising the steps of; 

(A) forming a cathode electrode on a supporting 
substrate , 

(B) forming a carbon film selective-growth 
region on a surface of the cathode electrode (carbon 
film selective-growth region formation step), 

(C) forming a gate electrode having an opening 
portion above the carbon film selective-growth region, 
and 

(D) forming a carbon film on the carbon film 
selective-growth region. 

in the method for the production of a cold 
cathode field emission device according to the second 
aspect of the present invention or the method for the 
production of a cold cathode field emission display 
according to the second aspect of the present invention 
(these production methods will be sometimes generally 
referred to as "production method according to the 
second aspect of the present invention" hereinafter), 
there may be employed a constitution in which the above 
step (C) is followed by forming an insulating layer on 
the entire surface, and the above step (D) is followed 
by forming, in the insulating layer, a second opening 
portion communicating the opening portion formed in the 
gate electrode and exposing the carbon film in a bottom 
) portion of the second opening portion. In the method 
for the production of a cold cathode field emission 
device according to the third aspect of the present 
invention or the method for the production of a cold 
cathode field emission display according to the third 
r, aspect of the present invention (these production 
methods will be sometimes generally referred to as 
"production method according to the third aspect of the 



- 19 - 

present invention" hereinafter), there may be employed a 
constitution in which the above step (B) is followed by 
forming an insulating layer on the entire surface, and 
the above step ( C ) is followed by forming, in the 
insulating layer, a second opening portion communicating 
with the opening portion formed in the gate electrode 
and exposing the carbon film selective-growth region in 
a bottom portion of the second opening portion. In 
these cases, the method for forming the gate electrode 
having the first opening portion on the insulating layer 
includes a method in which an electrically conductive 
material layer for a gate electrode is formed on the 
insulating layer; then, a patterned first mask material 
layer is formed on the electrically conductive material 
layer; the electrically conductive material layer is 
etched with using the first mask material layer as an 
etching mask, to pattern the electrically conductive 
material layer; then, the first mask material layer is 
removed; then, a patterned second mask material layer is 
, formed on the electrically conductive material layer and 
the insulating layer; and the electrically conductive 
material is etched with using the second mask material 
layer as an etching mask, to form the first opening 
portion, and a method in which the gate electrode having 
) the first opening ._ortion is directly formed, for 

example, by a screen printing method. In these cases, 
the method for forming, in the insulating layer, the 
second opening portion communicating the first opening 
portion formed in the gate electrode may be a method in 
0 which the insulating layer is etched with using the 

above second mask material layer as an etching mask, or 
a method in which the insulating layer is etched with 
using, as an etching mask, the first opening portion 
formed in the gate electrode. The first opening portion 
;n and the second opening portion have a one-to-one 
correspondence relationship. That is, one second 
opening portion is formed per first opening port^ 



tion . 
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Alternatively, xn the production method 
according to the second aspect of the present rnvention 
or the production method according to the thxrd aspect 
of the present invention, the step of forming the gate 
electrode having the opening portion above the carbon 
film or the step of formxng the gate electrode havxng 
the opening portion above the carbon film selectxve- 
growth region may comprise the steps of formxng a 
stripe-shaped gate electrode supporting member composed 
of an insulating material on the supporting substrate 
and arranging the gate electrode composed of a strxpe- 
shaped or sheet-shaped metal layer having a pluralxty of 
opening portions formed therein, above the carbon fxlm 
or the carbon film selective-growth region such that the 
metal layer is in contact with top surfaces of the gate 
electrode supporting members. 

in the production method according to the fxrst, 
second or third aspect of the present invention (these 
production methods will be sometimes generally referred 
, to as "the method of the present invention" hereinafter), 
preferably, the carbon film selective-growth regxon 
formation step comprises the step of allowing metal 
particles to adhere onto, or forming a metal thxn layer 
or an organometallic compound thin layer on, the surface 
. of the portion of the cathode electrode in which portxon 
the carbon film selective-growth region is to be formed, 
whereby there is formed the carbon film selective-growth 
region constxtuted of the portion of the cathode 
electrode whxch portion has the surface onto whxch the 
u> metal particles adhere or on whxch the metal thxn layer 
or the organometallic compound thin layer is formed. In 
this case, for making more reliable the selective growth 
of the carbon film on the carbon film selective-growth 
region, desirably, sulfur (S), boron (B) or phosphorus 
■V, (P) is allowed to adhere onto the surface of the carbon 
film selective-growth region, whereby the carbon fxlm 
can be more improved xn the property of selective growth. 
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The method for allowing sulfur, boron or phosphorus to 
adhere onto the surface of the carbon film selective- 
qrowth region includes, for example, a method in which a 
compound layer composed of a compound containing sulfur, 
boron or phosphorus is formed on the surface of the 
carbon film selective-growth region, and then, the 
compound layer is heat-treated to decompose the compound 
constituting the compound layer, whereby sulfur, boron 
or phosphorus is retained on the surface of the carbon 
film selective-growth region. The sulfur-containing 
compound includes thionaphthene , thiophthene and 
thiophene. The boron-containing compound includes 
triphenylboron. The phosphorus-containing compound 
includes triphenylphosphine. Otherwise, for making more 
reliable the selective growth of the carbon film on the 
carbon film selective-growth region, after the metal 
particles are allowed to adhere onto, or the metal thin 
layer or the organometallic compound thin layer is 
formed on, the surface of the cathode electrode, it is 
I preferred to remove a metal oxide (so-called natural 
oxide film) on the surface of each metal particle or 
the surface of the metal thin layer or the 
organometallic compound thin layer. The metal oxide 
the surface of each metal particle or on the surface of 
-) the metal thin layer or the organometallic compound thin 
layer is preferably removed, for example, by plasma 
reduction treatment based on, in a hydrogen gas 
atmosphere, a microwave plasma method, a transformer- 
coupled plasma method, an inductively coupled plasma 
0 method, an electron cyclotron resonance plasma method or 
an RF plasma method; by sputtering in an argon gas 
atmosphere; or by washing, for example, with an acid 
such as hydrofluoric acid or a base. In the production 
method according to the third aspect of the present 
!5 invention, preferably, the step of allowing sulfur, 
boron or phosphorus to adhere onto the surface of the 
carbon film selective-growth region, or the step of 



on 



on 
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removing the metal oxide on the surface of each metal 
particle or on the surface of the metal thin layer or 
the organometallic compound thin layer is carried out 
after the formation of the gate electrode having the 
opening portion and before the formation of the carbon 
film on the carbon film selective-growth region. In the 
production of the electron emission device of the 
present invention, further, the above-explained various 
steps can be applied to the surface of the portion of 
the conductive layer in which portion the carbon film 
selective-growth region is to be formed. "The portion 
of the conductive layer in which portion the carbon film 
selective-growth region is to be formed" will be 
sometimes simply referred to as "conductive layer 
portion", and "the portion of the cathode electrode in 
which portion the carbon film selective-growth region is 
to be formed" will be sometimes simply referred to as 
"cathode electrode portion", hereinafter. 

The method for allowing the metal particles to 
adhere onto the surface of the conductive layer portion 
or the cathode electrode portion includes, for example, 
a method in which, in a state where a region other than 
the region where the carbon film selective-growth region 
is to be formed in the conductive layer or the cathode 
electrode is covered with a proper material (for example, 
a mask layer), a layer composed of a solvent and the 
metal particles is formed on the surface of the 
conductive layer portion or the cathode electrode 
portion, and then, the solvent is removed while 
) retaining the metal particles. Alternatively, the step 
of allowing the metal particles to adhere onto the 
surface of the conductive layer portion or the cathode 
electrode portion includes, for example, a method in 
which, in a state where a region other than the region 
where the carbon film selective-growth region is to be 
formed in the conductive layer or the cathode electrode 
is covered with a proper material (for example, a mask 
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layer), metal compound partxcles conta.nxng metal atoms 
constituting the metal particles are allowed to adhere 
^rto th^ surface of the conductive layer or the cathode 
electrode, and then the metal compound partrcles are 
heated to decompose them, whereby there is obtaxned the 
carbon film selective-growth region constituted of the 
portion of the conductive layer or the cathode electrode 
which portion has the surface onto which the metal 
particles adhere. In the above method, specifically, a 
layer composed of a solvent and metal compound partxcles 
is formed on the surface of the conductive layer portxon 
or the cathode electrode portion, and the solvent xs 
removed while retaining the metal compound partxcles. 
The above metal compound particles are preferably 
composed of at least one material selected from the 
group consisting of halides (for example, xodxdes, 
chlorides, bromides, etc.), oxides and hydroxides of the 
metal and organic metal compounds for constitutxng the 
metal particles. In the above methods, the mater xal 
) (for example, mask layer) covering the region other than 
the region where the carbon film selective-growth regxon 
is to be formed in the conductive layer or the cathode 
electrode is removed at a proper stage. 

Although differing depending upon materxals for 
5 constituting the metal thin layer, the method for 
forming the metal thin layer on the surface of the 
conductive layer portion or the cathode electrode ^ 
portion is selected, for example, from a plating methoo 
such as an electroplating method and an electroless 
>,n plating method, a chemical vapor deposition method (CVD 
method) including an MOCVD method, a physical vapor 
deposition method ( PVD method) and a method of 
pyrolyzxng an organometallic compound, in a state where 
a region other than the region where the carbon fxlm 
■ir, selective-growth region is to be formed xn the 

conductive layer or the cathode electrode is covered 
with a proper materxal. The physical vapor deposxtxon 
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method includes (a) vacuum deposition methods such as an 
electron beam heating method, a resistance heating 
method and a flash deposition method, (b) a plasma 
deposition method, (c) sputtering methods such as a 
bipolar sputtering method, a DC sputtering method, a DC 
magnetron sputtering method, a high-frequency sputtering 
method, a magnetron sputtering method, an ion beam 
sputtering method and a bias sputtering method, and (d) 
ion plating methods such as a DC (direct current) method, 
an RF method, a multi-cathode method, an activating 
reaction method, an electric field deposition method, a 
high-frequency ion plating method and a reactive ion- 
plating method. 

in the electron emission device of the present 
invention, the cold cathode field emission device 
according to the second aspect of the present invention, 
the cold cathode field emission display according to the 
third aspect of the present invention or the production 
method according to any one of the first to third 
) aspects of the present invention, preferably, the metal 
particles or the metal thin layer for forming the carbon 
film selective-growth region are/is composed of at least 
one metal selected from the group consisting of 
molybdenum (Mo), nickel (Ni), titanium (Ti), chromium 
5 (Cr), cobalt (CO), tungsten (W) , zirconium (Zr), 

tantalum (Ta), iron (Fe), copper (Cu), platinum (Pt), 
zinc (Zn), cadmium (Cd), mercury (Hg), germanium (Ge), 
tin (Sn), lead (Pb) , bismuth (Bi), silver (Ag), gold 
(Au), indium (In) and thallium (Tl). 
:() in the electron emission device of the present 

invention, the cold cathode field emission device 
according to the second aspect of the present invention 
and the cold cathode field emission display according to 
the third aspect of the present invention, the 
in organometallic compound thin layer constituting the 

carbon film selective-growth region can be formed from 
an organometallic compound containing at least one 
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element selected from the group consisting of zinc (Zn), 
tin (Sn), aluminum { Al ) , lead (Pb), nickel { Ni ) and 
coba]t (Co). Further, it is preferably composed of a 
complex compound. Examples of the ligand constituting 
T) the above complex compound include acetylacetone , 
hexaf luoroacetylacetone , dipivaloylmet bane and 
cyclopentadienyl - The organometallic compound thin 
layer may contain part of a decomposition product from 
an organometallic compound. 

10 In the production method according to any one of 

the first to third aspects of the present invention, the 
step of forming the organometallic compound thin layer 
on the surface of the cathode electrode portion can be 
the step of forming a layer composed of an 

15 organometallic compound solution on the cathode 
electrode portion, or the step of sublimating an 
organometallic compound to deposit it on the cathode 
electrode portion. In these cases, the organometallic 
compound thin layer constituting the carbon film 

20 selective-growth region is preferably composed of an 

organometallic compound containing at least one element 
selected from the group consisting of zinc (Zn), tin 
(Sn), aluminum (Al), lead (Pb), nickel (Ni) and cobalt 
(Co). Further, it is preferably composed of a complex 

'If) compound. Examples of the ligand constituting the above 
complex compound include acetylacetone, 
hexaf luoroacetylacetone, dipivaloylmethane and 
cyclopentadienyl. The organometallic compound thin 
layer may contain part of a decomposition product from 

'M) an organometallic compound. 

In the cold cathode field emission device 
according to the second aspect of the present invention 
or the cold cathode field emission display according to 
the third aspect of the present invention, the metal 

oT) particles adhering onto the surface of the cathode 
electrode portion may have an acicular (needle-like) 
form. In this case, the acicular metal particles are 



preferably composed of at least one metal selected from 
the group consisting of copper (Cu), xron (Fe), tungsten 
(WW tantalum (Ta), titanxum (Ti) and zirconium (Zr). 
When the carbon film selective-growth region is formed 
5 of such metal particles having an acicular form, the 

carbon film formed thereon has protrusions. As a result, 
there can be obtained cold cathode field emission 
devices having high electron emission efficiency, and 
the cold cathode field emission devices having hxgh 
U) electron emission efficiency can be obtained without 
dependxng upon conditions of forming the carbon fxlm. 

in the production method according to any one of 
the first to third aspects of the present invention, the 
step of allowing the metal particles to adhere onto the 
15 surface of the cathode electrode portion can be the step 
of sublimating a metal compound to deposit acicular 
metal particles composed of a metal constituting the 
metal compound on the surface of the cathode electrode 
portion, in this case, the acicular metal particles are 
20 preferably composed of at least one metal selected from 
the group consisting of copper (Cu), iron (Fe), tungsten 
(W), tantalum (Ta) , titanium (Ti) and zirconium (Zr). 
The metal compound is preferably a halide of the above 
metal, such as chloride, bromide, fluoride or iodxde of 
25 the above metal. 

in the present invention, the carbon film 
includes a graphite thin film, an amorphous carbon thin 
film, a diamond-like carbon thin film and a fullerene 
thin film. The method for forming the carbon film 
includes CVD methods based on a microwave plasma method, 
a transformer-coupled plasma method, an inductively 
coupled plasma method, an electron cyclotron resonance 
plasma method, an RF plasma method, a helicon wave 
plasma CVD method and a capacitively coupled plasma CVD 
■V. method, and a CVD method using a diode parallel plate 

plasma enhanced CVD system. The form of the carbon fxlm 
includes the form of a thin film, and it also xncludes 
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the form of a carbon whisker and the form of a nano-tube 
(including hollow and solid tubes). The source gas for 
forming the carbon film includes carbon gases such as 
methane (CHO, ethane (C^He), propane (C3H8), butane 
(CHio), ethylene (C^H,) and acetylene (C.H.), a mixture 
of any members of these carbon gases and a mixture of 
any one of members of these carbon gases with hydrogen 
gas. Further, a gas prepared by gasifying methanol, 
ethanol, acetone, benzene, toluene or xylene, or a 
mixture of such a gas with hydrogen can be used. 
Furthermore, a rare gas such as a gas of helium (He) or 
argon (Ar) may be also introduced for stabilizing 
discharge and promoting plasma dissociation. 

in the cold cathode field emission device 
according to any one of the first and second aspects of 
the present invention, the cold cathode field emission 
display according to any one of the second and third 
aspects of the present invention and the production 
method according to any one of the first to third 
I aspects of the present invention (these will be 

sometimes generally referred to as "cold cathode field 
emission device, etc., of the present invention or the 
production method thereof hereinafter), generally, the 
cathode electrode has an outer form of a stripe, and the 
gate electrode also has an outer form of a stripe. The 
cathode electrode in the form of a stripe extends in one 
direction, and the gate electrode in the form of a 
stripe extends in another direction. Preferably, a 
projection image of the cathode electrode in the form of 
0 a stripe and a projection image of the gate electrode in 
the form of a stripe cross each other at right angles, 
in a region where these two electrodes overlap (the 
region corresponding to one pixel and being a region 
where the cathode electrode and the gate electrode 
15 overlap), one carbon film selective-growth region or a 
plurality of carbon film selective-growth regions are 
positioned. in the effective field of the cathode panel 
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(a region whxch works as an actual display portxon), 
further, such overlap regxons are arranged in the form 
of a two-dimensional matrix. 

in the cold cathode field emission device, etc, 
of the present invention or the production method 
thereof, each of the first opening portion and the 
second opening portion may have any plan form (form 
obtained by cutting these opening portions wxth an 
imaginary plane in parallel with the cathode electrode) 
such as the form of a circle, an oval, a rectangle, a 
polygon, a roundish rectangle, a roundish polygon, or 
the like. 

in the cold cathode field emission device, etc., 
of the present invention or the production method 
thereof, the cathode electrode may have any structure 
such as a single layer structure of an electrically 
conductive material layer or a three-layered structure 
having a lower electrically conductive material layer, a 
resistance layer formed on the lower electrically 
, conductive material layer and an upper electrically 

conductive material layer formed on the resistance layer, 
in the latter case, the carbon film selective-growth 
region is formed on a surface of the upper electrxcally 
conductive material layer. The above-formed resistance 
5 layer works to attain uniform electron emissxon 
properties of the electron emitting portions. 

in the cold cathode field emission device, etc., 
of the present invention or the production method 
thereof, there may be employed a constitution in whxch a 
U, second insulating layer is further formed on the gate 

electrode and the insulating layer and a focus electrode 
is formed on the second insulating layer. Otherwise, 
the focus electrode may be formed above the gate 
electrode. The above focus electrode is provided for 
.5 converging the pass of electrons which are emitted 
through the opening portion and attracted toward the 
anode electrode so that the brightness can be improved 



- 29 - 

and that an optical ctosstalK among neighboring pixels 
can be prevented. The focus electrode is 
particularly for a so-called high-voltage type drsplay 
in whrch the anode electrode and the cathode electrode 
have a potential difference on the order of several 
Kilovolts and have a relatively large distance fro. one 
to the other. A relatively negative voltage rs applred 
to the focus electrode from a focus power source. It rs 
not necessarily required to provrde the focus electrode 
per cold cathode field emission device. For example 
the focus electrode may be extended in a predetermrned 
direction in which the cold cathode field emission 
devices are arranged, so that a common ^-"^^"^^"''f 
can be exerted on a plurality of the cold cathode fxeld 

emission devices. 

in the method for the production of a cold 
cathode field emission display according to any one o 
the first to third aspects of the present inventron, the 
bonding of the substrate and the supporting -^^"^^^ " 
their circumferential portions may be carrred out wrth 
an adhesive layer or with a frame made of an ^-^-^-^^^ 
,igid material such as glass or ceramic and an adhesrve 
layer. When the frame and the adhesive layer are used 
in combination, the facing distance between the 
substrate and the supporting substrate can be adjusted 
to be longer by properly determining the height of the 
frame than that obtarned when the adhesive layer alone 
is used. While a frit glass is generally used as a 
material for the adhesive layer, a so-called low- 
, melting-point metal material having a melting pornt 
approximately 120 to 400 °C may be used. The low- 
melting-point metal material includes In (indrum; 
meltrng point 157 "C); an indium-gold low-meltrng-pornt 
alloyAin ( Sn, -containing high-temperature solders such 
.- as Sns,Ag=» (".elting point 220 to 370 "C ) and Sn„cug, 
(melting point 220 to 370 =C i ; lead ( Pb ) -contarnrng 
high-temperature solders such as Pb,,.,Ag„, (meltrng 
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poxnt 304 -C. Pb,....,Ag,.. (melting pent 304 - 365 C, and 
Pb„ ,Ag, ,Sn,.o (melting point 309 °C ) ; zinc (Zn)- 
containing high-temperature solders such as Zn„Al> ^ 
(Melting point 380 "C , ; tin-lead-containrng standara 
solders such as Sn,PB„ (melting point 300 - 314 C) and 
Sn,PB„ (melting point 316 - 322 "C); and brazrng 
materials such as AUe.Ga.. (melting point 381 C) (all of 
the above parenthesized values show atomro %). 

When three members of the substrate, the 
supporting substrate and the frame are bonded, these 
three members may be bonded at the same time, or one ot 
the substrate and the supporting substrate may be bonded 
to the frame at a first stage and then the other of the 
substrate and the supporting substrate may be bonded to 
r, the frame at a second stage, when bonding of the three 
members or bonding at the second stage Is carried out rn 
a high-vacuum atmosphere, a space surrounded by the 
substrate, the supporting substrate and the frame comes 
to be a vacuum space upon bonding, otherwise, after the 
20 three members are bonded, the space surrounded by the 

substrate, the supporting substrate and the frame may be 
vacuumed to obtain a vacuum space. When the vacuumrng 
is carried out after the bonding, the pressure rn an 
atmosphere during the bonding may be any one of 
■25 atmospheric pressure and reduced pressure, and the gas 
constituting the atmosphere may be ambxent atmosphere or 
an inert gas containing nitrogen gas or a gas (for 
example, Ar gas) coming under the group o of the 
periodic table. 
30 When the vacuuming is carried out after the 

bonding, the vacuuming can be carried out through a txp 
tube pre-connected to the substrate and/or the 
supporting substrate. Typically, the txp tube is formed 
of a glass tube and is bonded to a circumference of a 
■A, through hole formed rn an ineffective field of the 

substrate and/or the supportrng substrate (i.e., a fxeld 
other than the effective field which works as a portron) 
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with a frit glass or the above low-melting-point metal 
material. After the space reaches a predetermined 
vacuum degree, the txp tube is sealed by thermal fusxon. 
It is preferred to heat and then temperature-decrease 
the display as a whole before the sealing, since 
residual gas can be released into the space, and the 
residual gas can be removed out of the space by 
vacuuming . 

in the cold cathode field emission device, etc., 
of the present invention or the production method 
thereof, the supporting substrate may be any substrate 
so long as its surface is composed of an insulating 
material. The supporting substrate includes a glass 
substrate, a glass substrate having a surface composed 
of an insulation layer, a quartz substrate, a quartz 
substrate having a surface composed of an insulation 
layer and a semiconductor substrate having a surface 
composed of an insulation layer. The substrate can have 
the same constitution as that of the supporting 
substrate. In the electron emission device of the 
present invention, it is required to form a conductive 
layer on the supporting substrate, and the supporting 
substrate can be composed of an insulating material. 

Examples of the material constituting the 
conductive layer, the cathode electrode, the gate 
electrode or the focus electrode include metals such as 
tungsten (W), niobium (Nb) , tantalum (Ta), molybdenum 
(MO), chromium (Cr), aluminum (Al), copper (Cu), nickel 
(Ni), iron (Fe), titanium (Ti) and zirconium (Zr); 
, alloys or compounds containing these metals (for example, 
nitrides such as TiN and silicides such as WSi,, MoSi,, 
TiSi^ and TaSiz); semiconductors such as silicon (Si); 
and ITO (indium-tin oxide). The materials for the above 
electrodes may be the same or different. The above 
5 electrodes can be formed by a general thin-f ilm-f ormmg 
method such as a deposition method, a sputtering method, 
a CVD method, an ion plating method, a screen-printing 
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method or a plating method. 1,^=. 

The material constituting the insulatrng layer 
„ the second insulatrng layer includes SiO.. SiN .xON 
and a glass paste cured product, and these materrals may 
L used alone or in combinatron. The insulatrng layer 
or the second rnsulating layer can be formed by a .nown 
method such as a CVD method, an appllcatxon method, 
sputtering method or a screen-printing "^^hod 

The material for the anode electrode can be 
selected depending upon the constitution of the cold 
cathode field emissron display. When the cold cathode 
field emission display is a transmission type (the 

ubstrate corresponds to a display portion, and when the 
anode electrode and the fluorescent layer are stacked on 
t : Lbstrate in thrs order, not only 

whrch the anode electrode is formed but also the anode 
electrode itself are required to be transparent, and a 
transparent electrically conductive material such as ITO 
, indium-tin oxide, is used. When the cold cathode field 
.„ Lission display is a reflection type (the -PP--"9 

substrate corresponds to a display portion, or when the 
cold cathode field emission is a transmission type but 
When the fluorescent layer and the anode electrode are 
stacked on the substrate in this order (the anode 

c roae works as a metal bacK film as well,, not only 
,T0 can be used, but also the material can be selectea 
,rom those materials which are discussed with regard to 
the cathode electrode, the gate electrode ana the iO..„ 
electrode. 

The fluorescent material for the fluorescent 
layer can be selected from a 

type fluorescent material or a slow-electron-excitation 
type fluorescent material, when the cold cathode field 
emission display is a monochrome display, - 
required to pattern the fluorescent layer, when the 
Tld cathode field emission display is a color display, 
preferably, the fluorescent layers corresponding to 
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r^3^ rrrpen (G) and blue (B) 

-rraraed A black matrxx may be filled m y f 

^ fluorescent layer and another fluorescent 
one patterned fluorescenL. 

layer for improving a display screen in contrast. 

Examples of the constitution of the anode 
electrode and the cathode electrode include (D ^ 

the anode electrode. .^e electron emitting 

in the present xnventxon, the electr 

or nuclei promotes the growth of the carbon film 
thereafter! and the electron emitting portion composed 
" o he car;on film can be formed in a desrred portron o, 
the conductive layer or the cathode electrode. Further 
It is no longer necessary to pattern the caroon ...... -^^ 

.ormed in the portion of the cathode electrode whrch 
portion is posrtioned in the bottom portion of the 
Tpn ng portion and is composed of a material havrng a 
Tind of functron of a catalyst, it rs not "^-"^ - 
pattern the carbon trim for brrnging the "rbon frlm 
Into a desired form. Further, since ^he^^-^"" ^^^^ 
emitting portion is composed of the carbon frlm. 
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cathode field emission device having high electron 
emission efficiency can be obtained, so that there can 
be obtained a cold cathode field emission display which 
attains a low power consumption and a high image quality. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Examples of the present invention will be 
explained with reference to drawings hereinafter. 

Fig. 1 is a schematic partial cross-sectional 
10 view of a cold cathode field emission display of Example 
1 . 

Fig. 2 is a schematic perspective view of one 
electron emitting portion in the cold cathode field 
emission display of Example 1. 
J5 Figs. 3A, 3B, 3C and 3D are schematic partial 

cross-sectional views of a supporting substrate, etc., 
for explaining the production method of an electron 
emission device in Example 1. 

Figs. 4A, 4B, 4C and 4D are schematic partial 
20 cross-sectional views of a substrate, etc., for 

explaining the production method of an anode panel in 
the cold cathode field emission display of Example 1. 

Figs. 5A and 5B are schematic partial cross- 
sectional views of a supporting substrate, etc., for 
25 explaining the production method of an electron emission 
device of Example 2. 

Fig. 6 is a schematic partial end view of a cold 
cathode field emiission display of ExamLple 3. 

Figs- 7A and 7B are schematic partial end views 
:?() of a supporting substrate, etc., for explaining the 
production method of a cold cathode field emission 
device of Example 3. 

Fig. 8 is a schematic partial end view of a cold 
cathode field emission display of Example 6. 
;'.r) Figs. 9A, 9B and 9C are schematic partial end 

views of a supporting substrate, etc., for explaining 
the production method of the cold cathode field emission 
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device of Example 6 . 

Figs. lOA and lOB, following Fig. 9C , are 
schematic partial end views of the supporting substrate, 
etc., for explaining the production method of the cold 
T) cathode field emission device of Example 6. 

Figs. IIA and llB, following Fig. lOB, are 
schematic partial end views of the supporting substrate, 
etc., for explaining the production method of the cold 
cathode field emission device of Example 6. 
10 Figs. 12A and 12B are schematic partial end 

views of a supporting substrate, etc., for explaining 
the production method of a cold cathode field emission 
device of Example 10. 

Fig. 13 is a schematic partial end view of a 
IT; supporting substrate, etc., for explaining the 

production method of a cold cathode field emission 
device of Example 18. 

Figs. 14A and 14B are schematic partial end 
views of a supporting substrate, etc., for explaining 
20 the production method of a cold cathode field emission 
device of Example 19. 

Fig. 15, following Fig. 14B, is a schematic 
partial end view of the supporting substrate, etc., for 
explaining the production method of the cold cathode 
•ZF) field emission device of Example 19. 

Fig. 16 is a schematic partial end view of a 
cold cathode field emission device having a focus 
electrode, provided by the present invention. 

Fig. 17 is a schematic view of constitution 
:U) example of a conventional cold cathode field emission 
display having a Spindt type field emission device. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Example 1 

Example 1 is concerned with the electron 
emission device of the present invention and the cold 
cathode field emission display (to be abbreviated as 
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....sp.av ne.eina^«n accora.n, to t.e ,.rs. aspect ot 
present .nvent^^n- ^^^^^^^^^ ^^^^^^^ .„....ect.onaX 
..e„ o. t.: ..p.. o. K.a„p.e . ^^^'Jj^--^^ 

ei^-sio. .e.tce. ..e --";";-^::.r:" 

1 1 has a conductive layer (specifically, 
::trre:e:trae\.> .a..n, a s...a=e on «..c. a .ar.on 
, select.ve-,.owt. region 20 is fo^ed ana a 

electron e.itt.n, rowt. «,ion .0. 

" -™ea on t.e L,ion 20 is 

The above carbon film selectx g (specifically, 

„ effective field where a large number of the 
having an effective f„rmed in the form 

above electron emission devices are 
„ a two-dimensional matrix -^ ^"^-/^^^rlhoie 

the display has a P^""^^^^ each other 
panel CP and -^^--;Xr;;r:Lrential portions, 
through a frame 3 4 in thei through 
.urther, the — ,,,,,, and a tip 
.r, hole (not shown) ^" . . "^"^f ^^^..^ .^ter vacuuming 
tube (not shown) which is to be seale 

connected to the through ^ ^ J-^^L^^.e, of 
:Vr\V:om?::ser aTad^rsivl .yer alone may be 
- - -rrdi::r:;c:l.rises a substrate 30 a 

tluorescent layer 31 -^J-rirrrodr electrode 

,„_d in a aluminum thin film 

33 composed, tor exampxc, o o i c, 

formed on the substrate ^^^^^ ^^^^.^ 

31 and another fluorescent layer 
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32 may be omitted. When it is intended to produce a 
monochrome display, the fluorescent layer 31 xs not 
reauxred to be in a predetermined pattern. Further, an 
anode electrode composed of a transparent electrxcally 
conductxve film of ITO or the like may be formed between 
the substrate 30 and the fluorescent layer 31. 
Otherwxse, the anode panel AP may be constituted of the 
anode electrode 33 composed of a transparent 
electrically conductive film provided on the substrate 

30 the fluorescent layer 31 and the black matrxx 32 
both formed on the anode electrode 32, and a light 
reflection electrically conductive film whxch xs 
composed of aluminum, is formed on the fluorescent layer 

31 and the black matrix 32 and is electrically connected 
, to the anode electrode 33. 

Each pixel is constituted of the cathode 
electrode 11 having a rectangular form on the cathode 
panel side, the electron emitting portion 15 formed 
thereon and the fluorescent layer 31 arranged in the 
) effective field of the anode panel AP so as to face the 
electron emission device. In the effective field, such 
pixels are arranged on the order, for example, of 
hundreds of thousands to several millions. 

Further, spacers 35 as auxiliary means are 
5 disposed between the cathode panel CP and the anode 
panel AP for maintaining a constant distance between 
these two panels, and the spacers 35 are disposed xn 
regular intervals in the effective field. The form of 
the spacers 35 is not limited to a columnar form, and 
50 the spacers 35 may have a spherical form or may be rxbs 
in the form of a stripe. It is not required to arrange 
the spacers 35 in four corners of each overlap regxon of 
the anode electrode and the cathode electrode. The 
spacers 35 may be more sparsely arranged, or the 
:^r, arrangement thereof may be irregular. 

in the above display, the voltage to be applxed 
to the cathode electrode 11 is controlled in the unit of 
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^ 3 nlan view, the cathode 
one pixel. When vxewed as a plan v , 
.lectrode 11 has a nearly rectangular form as xs 
eiecuLuu each cathode 

schematically shown m Frg. 2, and each 

3,„„e 42. When a voltage higher than a threshold 

33 and collide with the " ; J' , 

brightness is controlled on the basrs of a voltage 

----rtrr tr;rrct\i-n o. the eiect 

emission device and the --lay ^n .xa.ple l^.rll^._ 

explained with ^^^^ i)" s used as a material 

■) to 4D. in Example 1, nicKei ^wx; 

for the carbon film selective-growth regron 20. 

''"'""1st, an electrically conductive material layer 
... a cathode electrode is formed on ^^^^^^ 
,r, substrate 10 made, for example, of a glas 

Then the electrically conductive material layer 
pattlrned by Known lithography and a reactrve ron 
rtchin metLd ,KX. method,, to form ^e^^ng" ^ 

cathode electrode 11 on the -PP"""^^ f J.^. , 

At the same time, a wrring HA (see Frg. ) 
t d to the cathode electrode U rs formed on the 
connected to the ca electrically conductive 

supporting substrate 10. The el 

™.terial layer is composed, for example, of an 
Material laye ^^^^^ ^^^^^^ 3 

approximately 0.2 urn ^ condition of forming 

sr, sputtering method. Table ^ s 

the Chromium layer by a ^P""-^"^"^^':"^; 
Shows a condition of etching the chromium layer. 
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Table_l 



( condiXion_jDf^f^miH3— 
I Tar get 



chromium layer^ 




Table_^ 

(Condition ofetchijigchrom^^ 

I parallel plate reactive xon 



Etching apparatus 



Cl2 flow rate 
Pressure 
RF power 
Etching tempe 



I etching system 
[lOO SCCM 



I 0 .7 pa 

10.8 kW (13^^6__MHzJ_ 



''"""""Then, the carbon film selective-growth region 20 
is formed on the surface of the cathode electrode 11. 

pecifically, a resist material layer is first formed on 
the entire surface by a spin coating -^^--^^/^Z V 
mask layer 16 composed of the resist materral layer rs 
formed by lithography so as to expose a surface of a 
portion of the cathode electrode 11 in whrch portron the 
'arbon film selective-growth regron 20 is to be formed, 
th'at is. a surface of the cathode electrode portron ,see 
p,, 3B,. Then, metal particles are allowed to adhere 
onto the mask layer 16 and the exposed surface of the 
cathode electrode 11. Specifically, a dispersxon 
prepared by dispersrng nickel ,Ni) fine partxcles rn 
polysiloxane solution (usrng isopropyl alcohol as a 
solvent, is applred to the entire surface by a sprn 
coating method, to form a layer composed of the solvent 
and the metal particles on the surface of the cathode 
electrode portion. Then, the mask layer 16 rs removed. 



u fnm selective-growth regxon /O ..an 
be obtained (see ^-9- ^,^,3,, 3„£ace of 

to fix the "'^"\P"'";''^3„.,,iied adhesive function,, 
the cathode electrode 11 (so caixe 

'"^'""hen, the car.on fil. 23 havin, a thickness of 
app.oxi.atel. 0.. is fo»e. o" th ca.bon^f.i.^ 
3electWe-,rowth '^^^^ ^ ...^-o.ta.ned 

3 sh:.s : Lndition of to^m, the ca..o„ 

fi a .icrowave plas.a CVO .ethod under a 

. irventroLl carbon f il. —---r""',: 

re::rr:d!-rr;\:\:=rt^:...on.^ 

stably forced at a fil-n for.in, temperature of 500 C. 



20 Table_3_ 

(Cond 




' ' len, a drsplay is assembled. Specifrcally the 

.e panel AP and the cathode panel CP are arranged 
'"hthir he fluorescent layer 31 and the electron 
such that emission device) face each 

lubstrate 10, are bonded to each "J " ^„ 

circumferential portions through the 

bove bondrng, a frit glass is applred " 
portions of the frame 34 and the anode panel 
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f the frame 34 and the cathode panel 
.ond.ng portions ^^^^ ^^,,,,3 ^.^el CP and 

CP. Then, the anode panel ap 
the fram^ 34 are attached. The tri^ y 

a tip T:uot; ^ . ^ i„ m"^ Pa the tip tube is 

, a pressure of approximately 10 Pa, P 

. ^ -^T. Tn the above manner, the 
sealed by thermal fusion. In the ao 

seditt'-i ijjf AP the cathode 

r;::;::: 7.::%:"::: r;— . ..e. .... 

^' ''^'"'-one example of .et.od of preparing tne anode 
panel in the display shown in Fig 1 w.ll be 

— r:a::.r;o:o::t- 

» .o! this purpose, fo. example, a d.spe.s.n, 

dispersed in pure water, and .^f;- ^^J^^,, 
a homo-mixer at 3000 rpm for 1 ..tnute Than 

^,^,3, polyvmyl alcohol and 
5 minutes. Then, to P ^^^^^ant mixture 

ammonium bichromate are added, and 

- -^^^.;r;:e::ar:oT-the anode panel a 

- —r rrrubrtrrteToTadrfirtLrpi: of 

the substrate 30 is exposed to ultraviolet y 
radiated fro. a light source ,not shown, and passes 
;,r, through openrngs 54 formed in a .asK " ' 

light-exposed .egron 51 (see Frg. 4A) . Then, the 
p^otosen rtive coating 50 is selectively removed by 
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remaining photosensitive 



development, to retain - ' ^otosens it ive 

coatxn, portxon (exposed and develop P ^^^^ ^ ^ 

^■r.r.s S9 on the substrate 30 (see r xy 
coating) ^''^ -, • ^ -t-hp^ entire 

ea.bon agent <ca.bon s.u.ry) is applied to .„e e 
surface, dried and calcined or sxntered, and the 
:::rinr;. p.oto.en.itrve coat.n, ^L,, 
carbon agent thereon are removed by a 1^'^ 
„,ereby a blac. matrix 32 composed o the c 

formed on the exposed substrate 30 and at 
trme, the remaining photosensrtrve coatrng por 

Ar\ Then, fluorescent iayert> 
removed (-^ - • ^^^^^^^ 

red, green and blue are ught-emitting 

'r: ;:!;r:xi^oro:^rns;;:rred^from the ught. 

crystal particie cump r^articles) are 

^-,1 r^^rticles (fluorescent partici^s ; 
' ::::"lr"r: :pi: : red photosensitive Ught-emrttlng 
: 1 .article composition (fluorescent slurry) rs 
rpril: " t . Intlr'e surface, followed by exposure to 
Ttrlviolet ray and development. 

» -":rti:rrfirerc::rsru!r;7rs^u^^^^^^^ the 
::rerr:aie, -^°--VbTuTp^::s:=-^^^^^^ 

and development. Further, a blue p 

emitting crystal particle ^-j; -^!- followed by 
^Lrrririerray and ^-opme t - 
anode electrode 33 c o.ed ^ rrescent 
thick alumrnum thin fxlm „ , „ ^ sputtering method, 

layers 31 and the blacK matrrx 3 by a putt g 
Alternatively, each fluorescent layer 3 can be 

-™-^rthr^x=:"— - 

iL'the fabrrcatlon thereof does not 
re;urre such complicated and advanced ---- - 
techniques as have been regurred concernrng the 



• ^ s.indt type field emission device, 
conventxonal Spindt ryp longer 

etchinq of the carbon film 
Moreover, the etching effective field of a 

Wh^n the area of the gll^ 

electron e.itt.n, portions ""^^^J/f/^^.^.^e ^ield, and 
..„n,.o.. ..e e -.e re,.o o ,,e^^ ^^^^^^^^^^ ^^^^ 

, rnirn^o/X in .r.^.tnes. an. .a. .... i.^,e 
quality. 

^^''^^ 1. 2 is directed to variants of the 

— :irt::^:j::^r; 
' raSi: t-^ ^^e-roL"^tr:r;:tron:- 

„„.o sur ace o t e ca^ ^ ^^^^^^ ^^^^ ^^^^ 

Example 2, the step ^ ^^xn 

growth region comprises the step method. 
!a,er composed of ^i""^™ . '^^^^ ! t-n emission 
The method for the P"^--"- "^ f ^.^^ explained 
aevice and the display rn Example 2 wrll 
below with reference to Figs. and SB. 

--^riathode electrode 11 

manner as m [Step J surface by a spin 

"and"™: a lasK layer composed of the 
coating method "^^^ ' lithography so as to 

.esrst ; ,,,,„,e electrode portion. 

expose a surract: 

[Step-210] formed on the 

Then, a metal thin layer 

, electrode 11 by a sputteri g removed 
shown in Table 4. and then the masK ^^V« ^ 
(see Fig. 5A). In the above manner, there ca 
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2r) 



Obtained the carbon t.lr. selective-growth region 2„ 
composed of the n,etal thin layer 22 forced on the 
surface of the cathode electrode portion. 



TabJ,e__4 



^Target_ 




I — 

! Substrate heating 

lt^empera^tur^__^^ 



j 150 °C 



Layer thickness 



3 0 nm 



Then, a carbon fii™ 23 having a thickness of 
approximately 0.2 is formed on the carbon frlm 
selective-growth region 20 in the same manner as xn 
rStep-120] in Example 1, to obtarn an electron emrttrng 
ortion (lee .ig. 3B, . Then, a drspiay is assembled rn 
the same manner as in [Step-130] in Example 1. 

'^^xample 3 is directed to the cold cathode field 
emission device ,to be abbreviated as "field emrssron 
device., herernafter) according to the ^^-^ -P^^ ^ 
the present invention and the display accordrng to the 
second aspect of the present invention. 

Pig. 6 shows a schematic partial end vrew of the 
display of Example 3. Fig. 7B shows a baste 
c n titution of the field emission devrce. 
emission devrce of Example 3 has a cathode e e=trod 
formed on a supporting substrate 10 and a gate e ectrode 
, 13 Which rs formed above the cathode ^^ec rode 1 and 
has an opening portion (first opening portron ^^^^'^^^ 
tield emission device further has an electron emrttrng 
portion 15 composed of a carbon film 23 formed on a 
Lrface of a portion of a cathode electrode 11 whrch 
,„ portion rs positioned in a bottom portion of the openrng 
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. ^- ^ Tavpr 12 is formed on the 
r/Te ^0 ana Ine cathoae eXec«oae U, 
.„ppo.t.n, :^_„„,cat.n, wit. ..e ^.s. 

and an opening portion electrode 13 is 

opening portion 14A formed rn the gate elect 
opening f , ^-^^ i ^vpr 12. In Example 3, the 

formed in the insulating layer 12. 

, ^ n is composed of copper ^^u,. 

cathode electrode 11^^^°"^^ ^^^^ constituted of 

The display of Example 3 is ais 

emission devices fomed .n an effect ^ 

of a two-dimensional -"^ "^;;^;;°",,r .,,,ode 
.„d tne d.spia. .as a plora .ty o P els^ ^^^^ ^^^^^ 

r^rfernriaHl^on. t... a f.a e 3 

V, h^io ^fi for vacuuming is toimcu 
Further, a through hole 36 tor 

ineffective field of the cathode panel CP, and 

Zl l. Which IS to he sealed -3;^, ^,,3 

- rharaTeighrfrr-erpleTof 1.0 mm. m 
Ilr:::::,^:: rd:e:i:e !a.er alone ma. .e used in Place 

" - - rin^d-e panel . ca ^ave ^^^^^ 
as that explained in Example 1, so that 

,5 electrode 11 having the for. of a stripe 

panel side, the electron -^"-^/"^^ ,,e 
.hereon and a fluorescent layer 3 arranged 
effective field of the --J" ^ .... 
fiPld emission device. In tne 

pixels are arranged on the order of hundreds of 
thousands to several millions. 

A relatively negative voltage is appli 
cathode panel U from a scanning ^/^^.^ 
relatively positive voltage - / ^^^^^ 

^'■^ -trvirgrtLrrL:::; t electrode 

13 IS applied to the anode electrode 33 from 



- 46 - 

acceleratxng power source 42. When such a dxsplay is 
used for dxsplayxng, for example, a scannxng sxgnal rs 
inputted to the cathode electrode 11 from the scannxng 
ciicuxt 40, and a video signal xs xnputted to the gate 
electrode 13 from the control circuit 41. Electrons are 
emitted from the electron emitting portion 15 on the 
basis of a quantum tunnel effect due to an electrxc 
filed generated when a voltage is applied between the 
cathode electrode 11 and the gate electrode 13, and the 
electrons are attracted toward the anode electrode 33 
and collide with the fluorescent layer 31. As a result, 
the fluorescent layer 31 is excited to emit light, and a 
desired image can be obtained. 

The method for the production of the field 
emission device and the display of Example 3 will be 
explained below with reference to Figs. 7 A and 7B. 

[Step-300] . ^ ^ 

First, an electrically conductive material layer 
for a cathode electrode is formed on the supporting 
) substrate 10 made, for example, of a glass substrate. 
Then, the electrically conductive material layer xs 
patterned by known lithography and a known RIE method, 
to form the cathode electrode 11 having the form of a 
stripe on the supporting substrate 10. The cathode 
5 electrode 11 in the form of a stripe extends leftward 
and rightward on the paper surface of the drawing. The 
electrically conductive material layer is composed, for 
example, of an approxxmately 0 . 2 ,un thick copper (Cu) 
layer formed by a sputtering method. 

?() [Step-310] 

Then, the insulating layer 12 is formed on the 
supporting substrate 10 and the cathode electrode 11. 
specifically, the insulating layer 12 having a thickness 
of approximately 1 urn is formed on the entire surface, 
for example, by a CVD method using TEOS 

(tetraethoxysilane) as a source gas. Table 5 shows one 
example of a condition of forming the xnsulating layer 



Tabl e 5 

(Condition of ^orming^insul^atj^ la^^^ 

1 800 SCCM 




[Step-320] . 

Then, the gate electrode 13 having the fxrst 
opening portion 14A is formed on the insulating layer 12. 
specifically, an electrically conductive material layer 
composed of chromium (Cr) for a gate electrode is formed 
on the insulating layer 12 by a sputtering method, and 
then a first mask material layer (not shown) patterned 
is formed on the electrically conductive material layer. 
The electrically conductive material layer is etched 
with using the first mask material layer as an etchxng 
mask to pattern the electrically conductive materxal 
layer in the form of a stripe, and then the first mask 
material layer is removed. Then, a second mask materxal 
layer (not shown) patterned is formed on the 
electrically conductive material layer and the 
insulating layer 12, and the electrically conductive 
material layer is etched with using the second mask 
materxal layer as an etching mask. In thxs manner, the 
gate electrode 13 having the first opening portxon 14A 
can be formed on the insulating layer 12. The gate 
electrode 13 in the form of a stripe extends xn a 
direction (for example, direction perpendicular to the 
paper surface of the drawing) different from the 
direction of the cathode electrode 11. Thereafter, the 
0 second opening portion 14B communicating wxth the fxrst 
opening portion 14A formed xn the gate electrode 13 xs 
formed in the insulating layer 12. Specifically, the 



in.ulatin, laye. 12 is etc." by an RIE ™etnod .s..g tne 
second .asR material layer as an etch.n, masK. and then 
the second mask material layer Is removed. In thrs 
manner, a structure shown in Fig- 7A can be obtarned. 
Table 6 Shows a condition o£ etching the — ^-^-^ 
layer 12. In Example 3, the first openrng portron 14A 
and the second opening portion 14B has a one-to-one 
correspondence relationship. That is, one second 
opening portion 14B is formed per first opening portron 
iL. When viewed as a plan view, the first and the 
second opening portrons 14A and 14B have the form ot 
circle having a diameter of 1 to 30 im. It rs 
sufficient to form the opening portions 14. and 14B rn 
the quantity of approximately 1 to 3000 per prxel. 




' " Then, the electron emitting portron 15 composed 
of the carbon film 23 is formed on the surface of a 
portion of the cathode electrode 11 whrch portron rs 
positioned in a bottom portion of the opening portrons 
14A and 14B. The cathode electrode 11 rs composed of a 
copper (Cu) which works as a Kind of a catalyst, 
specifically, the carbon film 23 having a thrckness of 
approximately 0 . 2 urn is formed on the surface of the 
portion of the cathode electrode 11 to obtain the 
electron emittrng portion 15. Fig. 7B shows the thus- 
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o.taine. .tate. Table 7 snows a ' ^Z:, 

the carbon film 23 aocord.ng to a mxcrowave plasma 
hod. under a conventional carbon frl. for.atron 
c;;;dltlon, a fn. formm, temperature of approximately 

C naJ been required. In Example 3, however, the 
carbon film is stably formed at a film formrng 

gate electrode 13. 



Table 7 

( C ondition_^O^rm^^ 



= 100/10 SCCM_ 

Gas I ^ 

I Pressure ^ . [ 

ZZ (13.56 

jj4icr 

r Film forming 



'"''""rdlsplay is assembled in the same manner as rn 
rStep-130 1 in Example 1. 

' in Example 3, the carbon film 23 rs formed on 

.he surface of the portion ot the cathode --J--;^^ 
Which portion is positioned in the bottom P-"-; 
opening portions 14A and 14B and the cathode electrode 

rs composed of a material which wor.s as ^ 
catalyst, so that it is no longer necessary to pattern 
The carb;n film 23 to bring rt rnto a desired form. 

^""^^^xample 4 is a variant of Example 3 " 
production method for each of the freld emrssron devrce 

na the display explained rn Example 3, the -J 
the cathode electrode 11 is naturally ^^"^^'^^^ 
It is sometimes difficult to form the carbon frlm 23 
, n ample 4, the metal oxide (so-called natural oxrde 
film, il removed from the surface of the cathode 
elecLode portron. .he metal ^ J--;;! 

the cathode electrode portion can be removed by p 
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reduction treatment or washing. 

The field emission device and the display to be 
produced in Example 4 or Example . to be 

are structurally the same as those in Example i, so tnat 
detailed explanations thereof are omrtted. The method 
for the production of the field emission devrce and the 
display in Example 4 will be explained below. 

''"^"'"/llst, in the same manner as in [Step-300, to 
,Step-3 20] in Example 3, a cathode electrode 11 rs 
iormed on a supporting substrate 10 made, for example, 
of a glass substrate; then, an insulating layer 12 rs 
formed on the supporting substrate 10 and the cathode 
electrode 11, then, a gate electrode 13 havrng a fxrst 
opening portion 14A is formed on the insulatrng layer 
Z. and then, a second opening portion 14B communrcatron 
wiih the first opening portion 14A formed in the gate 

electrode 13 is formed in the insulating layer 12. 

r g-^ep_4 10] 

Then, the metal oxide (natural oxide film) on 
the surface of the portron of the cathode electrode 11 
which portion is exposed in the bottom portron of 
opening portions 14A and 14B is removed by plasma 
reduction treatment (microwave plasma treatment, under a 
5 condition shown in Table 8. otherwise, the metal oxrde 
(natural oxide film) on the exposed surface of the 
cathode electrode portion can be removed, for example, 
with a 50 % hydrofluoric acid aqueous solution, pure 
water mixture having a 50 % hydrofluorrc acid aqueous 
solution = pure water mixing ratio of 1=49 (volume 
ratio ) . 

Tabl_e_8 



Gas used 


H2 = 


100 SCCM 


pressure 


1.3 


X 10- Pa 


Microwave power 


600 


W (13.56 MHzJ , 


Treating temperature 


400 


°C 



[Step-420] 

Then, the carbon film 23 having a thickness of 
approximately 0.2 ^m is formed on the surface of the 
portion of the cathode electrode 11 whxch portxon rs 
exposed in the bottom portion of the opening portions 
14A and 14B, to obtain the electron emitting portion 15. 
Table 9 shows a condition of forming the carbon fxlm 23 
according to a microwave plasma CVD method. In Example 
4, the carbon film is stably formed at a film-forming 
temperature of 200 °C . 



Table 9 

(^ondiJtJ^rL.o£^oriru^ 



Gas used 



Pressure 



Microwave power 



Film formin g temperature ^ 



CH^/H^=_100m__SCCM_ 



1.3 x 10^ pa 



500 W ( 13 .5 6_MzJ_ 



200 



[Step-430] 

Then, the display is assembled in the same 
manner as in [Step-130] in Example 1. 

in Example 4, the metal oxide (natural oxide 
film) on the surface of the portion of the cathode 
electrode 11 which portion is exposed in the bottom 
portion of the opening portions 14A and 14B is removed, 
and then the carbon film is formed on the surface of the 
cathode electrode portion, so that the carbon film can 
be formed at a far lower temperature. 
Ex ampl e^ 

Example 5 is also a variant of Example 3. In 
Example 5, a convexo-concave shape is formed in the 
surface of the portion of the cathode electrode 11 which 
portion is exposed in the bottom portion of the opening 
portions 14A and 14B. Protrusions are therefore formed 
in the carbon film formed thereon. As a result, a field 
emission device having high electron emission efficiency 
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can be obtained. The method for the productioa of the 
f.eld emission device and the display xn Example 5 will 
be explained below. 
[Step-500 ] 

First, in the same manner as in [Step-300] to 
rstep-320] in Example 3, a cathode electrode 11 is 
formed on a supporting substrate 10 made, for example, 
of a glass substrate; then, an insulating layer 12 xs 
formed on the supporting substrate 10 and the cathode 
U, electrode 11; then, a gate electrode 13 having a fxrst 
opening portion 14A is formed on the insulatxng layer 
12- and then, a second opening portion 14B communicatron 
with the first opening portion 14A formed in the gate 
electrode 13 is formed in the insulating layer 12. 

in [Step-510] 

Then, the surface of the portion of the cathode 
electrode 11 which portion is positioned in the bottom 
portion of the opening portions 14A and 14B xs etched to 
form a convexo-concave shape. Table 10 shows a 

20 condition of the above etching. 



Etching solution 


1 % hydrochloric acid 




aqueous solution 


Treatment time 


5 minutes 


[period 





[Step-520] ^ _ 

Then, a step similar to [Step-330] in Example 3 
xs carried out to form an electron emitting portion 15 
composed of a carbon film 23 on the surface of the 
portion of the cathode electrode 11 which portxon xs 
positioned xn the bottom portxon of the opening portxons 
14A and 14B. Specifically, the carbon fxlm 23 havxng a 
thxckness of approximately 0 . 2 urn is formed on the above 
surface of the portion of the cathode electrode 11 to 
obtaxn the electron emitting portion 15. Table 11 shows 
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arbon film 23 according to 

a c 

microwave plasma CVD 

--Pirhor film formation . 

relpe^ature of approxrmately 900 .as 

in Example 5, however 

at a film-forming temperature of 200 



condition of forming the car ,..onal 
method, under a conventional 
condition, a film forming 
ately 900 

the carbon film is stably formed 



Table_JJ, 

rrondition of forming_carbon_^^ 

j Gas used ■■, — 

! \l X 10^ pa 

I pressure 



M i crowave_^ow^^ 
jFilm forming 
temperature 



'"'^'"".nen, tne display is assemble, in tne sa.e 
= o -in rqteD-130] in Example 1. 

step -™in, the convexo-concave s.ape on 
.ne su.Lce o/the portion of t.e cathode -e="o- - 
L.cn portion is exposed In the ^''^^^^ f^^ZZl T 
opening portions 14A and 14B. explained xn Example , 
can be applied to Example 4. Eurther, the removal of 

Tetal oxide (natural oxide film, explained rn 
Example 4 can be applied to Example 5. 

""'"Example 6 is directed to the electron emission 
.evice Of th'e present rnventron, the e™ " 

device according to the second -^^^'^\°\'XrZZl of 
. invention, the display according to the ^'^"^ J^^^^ 
■ r,rir.n and the production method 
the present rnventron and the p invention, 
according to the first aspect of -^^J^^^^^ 

Fiq. IIB Shows a schematic partial end 
tne field emission device of Example 6. Eig. B shows a 
I martial end view of the display of Example 6. 

,1, schematic partial ena ^^^uode electrode U 

The field emission device has a cathode ele 
formed on a supporting substrate 10 and a gate 
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13 which lcr.ed above the cathode electrode 11 and 
has a £irst opentng portton 14A. The field e..ss.on 
de i e Ltne: has a carbon fil. .elective-.rowth re.xon 
,0 forced on a surface of a portion of the cathod 
electrode 11 which portion is positioned rn a botto. 
: rtion Of the openrn, portions 14^ and -B' - ^ 
Electron emitting portion composed of a carbon fxlm 23 
formed on the carbon film selective-growth regron 20 
m Example 6, the carbon film selectrve-growth regron 20 

a p" ion Of the cathode electrode 11 which portron 
Tas a surface onto which metal particles 21 composed of 

nirkel (Ni) adhere. 

in the field emission device of Example 6. an 

insulating layer 12 is formed on ^-^^ /"^f 
^ substrate 10 and the cathode electrode 11, the second 
:renin, po.^ion 1« com„unicatin, ^^l^^^^^TZ 
portion 14A formed in the gate -^-'="°^%'''l^'Z 
Ihe insulating layer 12, and the carbon frlm 23 rs 
positioned in the bottom portion of the second openrng 

^""^'"".i's shows a constitution example of the 
display of Example 6. The display is constituted of a 

thode panel CP having a large number of the a ove 
explained field emission devices formed rn an -"-^^^^ 
„ region, an anode panel AP and has a pluralrty of P-els. 
Tach p xel is constituted of the field emissron devrce 

an'o^e electrode 33 and a fluorescent ^^J^^^ 
on a substrate 30 so as to be opposed to "ej.e.d 
emission device. The cathode panel CP and the anode 
V, A^A \r, their circumferential portions 
:),! panel AP are bonded in their cir 

through a frame 34. In the end view of Fig 8 two 
opening portions (14A and 14B) and two carbon films 
Thich ar'e electron emitting portions are shown per 
cathode electrode U on the cathode panel CP, for 



cathode eiec^ruu« xx w.. ^.^^ ^ ^ ^=>rh of 

simplifying the drawing. However, the number o ea h o, 
these members shall not be limited thereto. The basic 
constitution of the field emission device is as shown in 



UB. Furthe.. a through hole 36 for vacuu.rng is 
txg. iiD. cathode panel CP, 

provided in an ineffective field of the P 
and a tip tube which is sealed after vacuuming is 

-ii TO ai ready sealed. 

" .he anode panel AP can have the sa^e structure 

as that explained in Example 1, so that a detailed 

---nre\:e-i::nrt;pla. for displacing ca 
,e the sa.e as the operation of the display explain d m 
Kxa^ple 3, so that a detailed explanation thereof is 

™""';ne .ethod for the production of the field 
emission device and the .ethod for the production of the 
..pla. in .xa.ple S .ill .e e lained .elo.^.ith^^ 
reference to Figs. 8, 9A, yu, ' 

''"'""rst, an electrically conductive material layer 
£or a cathode electrode is forced on the -PP""^"^ 
.„.3trate 10 »ade. for exa.ple of glass - ^^^^^^ 

Plectrically conductive material layer is tnen y 

1=:= rnVhe fi:: -aTt-; r 
-ere^t::re^rrnTh:^loras 
-:c:rarir:::.c:i:=^^^^ - 

ex an approximately 0.. thic. chromium ,cr, 

„ er firmed hy a sputtering .ethod . The conditro. of 

foLin, the chromiu. layer by a ==P""--^^;-;j:;r,„, 
the condition of etching it are as shown in Tables 

2 . 

an insulating layer 1. is formed on the 
■ supporting substrate 10 and the '^^l^^^^e.s 
specifically, the insulating layer 12 having 
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of approximately 1 .m is formed on the entire surface, 
for example, by a CVD method using TEOS 
,tetraethoxysrlane) as a source gas. The rnsulatrng 
layer 12 can be formed under the condition shown rn 
Table 5. 

[Step-6201 ^ ^- ^ 

Then, the gate electrode 13 having the first 
opening portion 14A is formed on the insulating layer 12. 
specifically, an electrically conductive material layer 
composed of chromium (Cr) for a gate electrode rs formed 
on the insulating layer 12 by a sputtering method under 
the condition shown in Table 1, and then a patterned 
first mask material layer (not shown, is formed on the 
electrically conductive material layer. The 
electrically conductive material layer is then etched 
under the condition shown in Table 2 with using the 
above first mask material layer as an etching mask and 
patterned in the form of a stripe, and then the first 
mask material layer is removed. Then, a P-"--<^ 
second mask material layer (not shown) is formed on the 
electrically conductive material layer and the 
insulating layer 12, and the electrically conductive 
material layer is etched with using the above second 
mask material layer as an etching mask under the 
condition shown in Table 2. In this manner, the gate 
electrode 13 having the first opening portion 14;. can be 
formed on the insulating layer 12. The gate electrode 
13 in the form of a stripe extends in a direction 
(direction perpendicular to the paper surface of the 
, drawing) different from the direction in which the 
cathode electrode 11 extends. 
[Step-630] 

Then, the second opening portion 14B 
communicating with the first opening portion 14A formed 
.-, in the gate electrode 13 is formed in the insulating 
layer 12. specifically, the insulating layer 12 is 
etched by an RIE method with using the second mask 
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material layer as an etching mask, and then the second 
mask material layer is removed. In thrs manner, a 
structure shown in Fig. 9B can be obtaxned. The 
insulating layer 12 can be etched under the conditxon 
shown rn Table 6. In Example 6, the first opening 
portion 14A and the second opening portion 14B have a 
one-to-one correspondence relationship. That rs , one 
second opening portion 14B is formed per first openxng 
portion 14A. When viewed as a plan view, the frrst and 
second opening portions 14A and 14B have the form, for 
example, of a circle having a diameter of 1 to 30 ^m. 
It is sufficient to form 1 to approximately 3000 openxng 
portions 14A and 14B per pixel. 

[Step-640] . 

Then, the carbon film selective-growth regxon 20 
is formed on the surface of the portion of the cathode 
electrode 11 which portion is positioned in the bottom 
portion of the second opening portion 14B. For thxs 
purpose, first, a mask layer 116 is formed so as to 
, expose the surface of the cathode electrode 11 xn a 
central portion of the bottom portion of the second 
opening portion 14B (see Fig. 9C) . Specifically, a 
resist material layer is formed on the entire surface 
including the inner surfaces of the opening portions 14A 
5 and 14B by a spin coating method, and then a hole xs 
formed in the resist material layer positxoned xn the 
central portion of the bottom portion of the second 
opening portion 14B by lithography, whereby the m.ask 
layer 116 can be obtained. In Example 6, the mask layer 
U, 116 covers part of the cathode electrode 11 which part 
is positioned in the bottom portxon of the second 
opening portion 14B, a side wall of the second openxng 
portion 14B, a side wall of the first opening portxon 
14A, the gate electrode 13 and the insulating layer 12. 
■r, While the carbon film selective-growth region is to be 
formed on the surface of the portion of the cathode 
electrode 11 which portion is positioned in the central 



ZZ:::^^ ..e ,a.e e.ec..o.e .3 .... 

"•^"^ "4r:e;ax pa..icles are allowe. to a.ne.e onto 
K „k laver 116 and the exposed surface of the 
7 Zllole U. specifically, a dispersion 
cathode electrode 11. P particles in a 

prepared by dxspersing al.o^ol as a 

polysrloxane solution (usin, ^ 
Solvent, xs applied to the entxre 2llZ\J solvent 
.oatin, .ethod. to for. a ^^V- -p- ^^^^^^^ 

and the J--^:;", IsK layer Ue is removed, 

electrode portron. Then, t:i ^^yer up 

--::i;:or;:t"r: -iiai partides 

to approxrmately 4 00 C, electrode 11, 

- on the exposed ^ //J^^^^^^,, ,e,ion 20 can 

„,ereby the ^^^/^'^^^ polysiloxane 

be obtained (see Frg. lOA) . The P 
„ „or.s to fix the .etal partrc es th P ^^^^^^^^ 

surface of the cathode electrode ( 
function) . 

'"''"xhen, the carbon fil. 23 havin, a thicKness of 

approximately 0.2 .. is 

3eXective-,rowth re,ron 2 to o ^^^^ 

e„ittin, , 3che„atrc partral end 

r;rtarn:r;henlhe devrce rs .re«ed ^^;^^-^r 

" - rr;obLrer::;hi:e de.ree is 

schematic partial ena cathode electrode 

^rr^^^lirrrndtion of for^m, the 
11 extends. Table inethod. Under 

TZ rarrnl-rrorrt::: condition, a fil. 

a conventional carDon ^^^^ 

.or.r„, --«--^^:Vr::::r t e carbon frl. xs 
required. In Example 6, however, 



stably formed a 



t a fxlm formxng temperature of 500 "C . 



7cmKiition.of_j££I^^ 

Gas used_______ — 

1.3 X 10' pa 



I Micr^waA^^e_^^ 
rTiQ^rTforming^t^^ 



|_500_JW__aii_5 6__Mz 
500 °C 




'^'^'-'Z exposing ^.e open.n. en. portion o. t.e ,a.e 

— - - --:"r-;rorerriL^rnr::.rnr 

can be completed. Otherwise, there can 
electron emission device which comprises the cond 
i yer ccorrespondin, to the cathode electrode rn 
il fi> on the surface of which the carbon fxlm 
Example ^ > °" ^^-^ ^ 3nd the electron 

selective-,rowth "^^^ 23 formed 
emitting portion composed of the car 

film selective-growth region 20. The 
on the carbon fxlm seiectiv y 

..eve isotropic etching can b ^a"ie ^out^bv^a^ ^V^^^^^ 

' rr:: rrmirari: method, or a wet etchm, 

::thodnsrnganetch.gsol.ron. .sane™ 

rrc^rdTrrsLt^^ 

,Ling a 49 % hydrofluoric acid aqueous solution P 
water mixing ratio of 1:100 (volume ratio), 
''"'""hen, a display is assembled in the same manner 
-in rstep-13 0] in Example 1. 

'Tn the display having the above constitution, 
^- ^-F the field emxssron 
..e electron emitting ortio o th^^f^^^^ ^^^^^ 

device is composed of t'^e flat 

exposed in the bottom portion of the secon 
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portion 14B and has a low work function, and the 
farricatron thereof does not re.urre such co.pltcated 
and advanced fabrication techniques as have been 
required concerning the conventronai Sprndt type freid 
eJssion devrce. Moreover, the etching of the carbon 
fii. 23 is no longer required. When the o^ ^"^^ 

effective field of a display increases and when the 
number of electron emitting portions to be formed 
increases accordrngly to a great extent, the electron 
eLssion efficiency of the electron emitting portxons 
!an be rendered uniform throughout the entire regxon of 
e effective field, and there can be ---ed a rsp a 
Which is remarkably free of non-unif ormtty rn brightness 
and has high image quality. 
, F.y ample 7 

Example 7 is directed to variants of the 
production method of the field emission device and the 
production method of the display explained rn Bxamp e 6. 
L production method of the freld ton devrce 

„ and the production method of the display explained 
Example 6, if the carbon film 23 is not formed 
iledile y after the metal particles 21 are allowed to 
There onto the surface of the cathode electrode portion, 
the Ltal particles 21 are naturally oxidi.ed to make it 
>r, difficult to form the carbon film 23 in some cases In 
Example 7, after the metal particles 21 are allowed to 
adhere onto the above surface of the portion of the 
cathode electrode 11, a metal oxide ""^"^ f^^^^ 

oxide film, on the surface of each metal P^-^^'^J^ " 
M, removed The metal oxide on the surface of each metal 
■ ;rticle can be removed by plasma reduction treatment or 

"""""'The electron emission device, the field emission 
device and the display to be produced in --P^^ ';/ 
any one of Examples 8 to 17 to be explained later are 
structurally the same as those in Example 6, so that 
detailed explanations thereof are omitted. The 
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p,o.uction .e.nod o. the field e^iss.on dev.ce and the 
productxon method of the display In Example 7 w.U 
explained below. 

''"'"'"n the sa.e manner as in [Step-6001 to [Step- 
eao, in Example 6. a cathode electrode U ^^^--^ J ^ 
...porting ...strate 10 ^-J- ^ , Jd": the 

substrate; then, an insulating layer 

::ppo.tin, sn.st«te 10 and the ^--^/^p ;io„ 
then, a gate electrode 13 having a first °P<^^^^Ji P 
"I s forced on the insulating layer 12= and then a 
econd opening portion 14B co^unication with the irst 

opening portion 14. forced in the gate electrode 13 is 

formed in the insulating layer 12. 

'"''"".hen, a .as. layer 116 is forced so as to expose 
the surface of the cathode electrode 11 in a central 
portion Of the .otto, portion of the second opening 
portion 14B in the same manner as in tstep-640, in 
„ Lample 6. .hen, metal particles are ^^l;;;; J; ^Z";"^ 
onto the masK layer 116 and the exposed surface of 
cathode electrode 11. Specifically, a ^-P"-- ^„ 
prepared by dispersing molybdenum (Mo, fine particles 
a polysiloxane solution (using isopropyl alcohol as 
soLent, is applied to the entire ^-'-/^ ^^^/^^ 
coating method, to form a layer 

metal particles on the surface °' "^^^^^^ 
electrode portion. Then, the masK ^-^^' ^'' ^^/^Zl 
and the solvent is fully removed by heating the above 
• inn °C to retain the metal 

3(1 layer up to approximately 400 C, to 

particles 21 on the exposed surface of the cathode 
Tlectrode 11, whereby the carbon film selective-growth 
region 20 can be obtained. 

'"''""Thin, the metal oxide (natural oxide film, on 

V, +-=>! T^article 21 is removed by 
the surface of each metal particle x , , 

plasma reduction treatment (microwave plasma treatment, 
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.etal ox.de (natural cxMe fil.) -^/^ : , 

^.1 r,;.rticle 21 can be removed, for exampr , 

solution = pure water mixrng ratio of 1.49 ( 
ratio) . 

'"^^""IL. t.e carbon fU» 23 .avin, a — J" - 
approximately 0.2 is forced on the -^'-" "j;^;^ 
\ „ film selective-growth region 20, to obtain an 
carbon film selecti y condition 



Table_13 



(Condition^ forming_^ 



rbon ^il^O., 



1.3 X 10' 




■'"'""In, a tieia emission device as shown in .ig. 
can be ^btainea in the same manner as in tstep-eso, 
V- • ^ -t-h<=.rp can be obtained an 
TTxamnle 6. Otherwxse, there can 
e remission device which comprises the conductive 
layer .corresponding to the cathoae electrode in 
ExLple 7) on the surface of which the carbon film 
Example ,) . „ ,n i^ formed, ana the electron 

selective-growth region 20 is forme , 
emitting portion composed of the carbon film 23 form 
on the carbon film selective-growth region ^° ' J^'^^ 
a aisplay is assemblea in the same manner as m [Step 
130 ] in Example 1 . 

'^^xample e is also airectea to variants of the 
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production method of the fxeld emission devxce and the 
production method of the display explarned rn Example 6. 
in the production method of the field emission devrce 
and the production method of the display explained xn 
Example 6, the metal particles 21 are allowed to adhere 
onto the surface of the cathode electrode portxon. In 
Example 8, the metal partxcles 21 of cobalt ,Co, are 
allowed to adhere onto the surface of the cathode 
electrode portion and then sulfur (S) is further allowed 
to adhere. The production method of a field emissxon 
device and the production method of a display in Example 

3 will be explained below. 

[Step-8001 

in the same manner as in [Step-600] to [Step- 
630, in Example 6, a cathode electrode 11 is formed on a 
supporting substrate 10 made, for example, of a 1^^-^ 
substrate; then, an insulating layer 12 is formed on the 
supporting substrate 10 and the cathode electrode 11, 
then, a gate electrode 13 having a first openxng portxon 
14A is formed on the insulating layer 12; and then, a 
second opening portion 14B communication with the fxrst 
opening portion 14A formed in the gate electrode 13 xs 
formed in the insulating layer 12. 
r step-81 0 1 

Then, a mask layer 116 is formed so as to expose 
the surface of the cathode electrode 11 in a central 
oortion of the bottom portion of the second openxng 
'portion 14B in the same manner as in [Step-640] xn 
Example 6. Then, metal particles are allowed ^y^^^" 

, onto the mask material layer 116 and the exposed surface 
of the cathode electrode 11. Specxf ically , a dxspersxon 
prepared by dispersing cobalt (Co) fine particles xn a 
polysiloxane solution is applied to the entire surface 
by a spin coating method in the same manner as xn 

, Example 6, to form a layer composed of the solvent and 
the metal particles on the surface of the cathode 
electrode portion. Then, a thionaphthene solutxon xs 



minutes, to retain the metal part cles 21 on P 



,heatrn,, of the dispersion of co.ait (C,_irne partrcles 



constitution in" which the application and dryin, 

(heating) of th 
in a polys iloxa 
drying (heating 
carried out in this order. 



atinq) ol T:ne uxot^^------ 

in a polysilo"- solution and the applicatron and 
rn a polys thionaphthene solution are 

r.;:::;::';:::: r,:.„ . -.rir.s 'r 

particle 21 .ay be removed in the same manner as 
[Step-7 20 1 in Example 7. 

''"'""hen, the car.on film 23 havin, a thicKness of 
approximately 0 . 2 ,™ is formed on the carbon trim 
/eLctive-,rowth region 20 in the 

,step-7301 in Example 7, to obtain an electron emi 

Len the field emission device as shown m 
r'n; can b'e Obtained in the same manner as in istep 
IZ\ i^Example 6. Otherwise, there can be obtained an 
660, m Example .omcrises the conductive 



there can be obtained an 



electron emission device which compr 
a/er .corresponding to the cathode electrode in 

.xLple e, on the -^^^l^lJ^:^: l^elron 

selective-growth region 20 is formea 

emitting portion composed of the ^^on ^m 3 fo 

on the carbon film selective-growth ■^-9^°" ^0 

a display is assembled in the same manner as in [Step 

130] in Example 1. 

Exainp_le_9 



20 



25 



Kxa^ple 9 .s al.o directed to variants o£ the 

of the field emission device and the 

:::::: . d .a ^ ... ..^^^^^ . 

..a^pie . the --^^/rthrde'eLrode^pLtion 

-eve compound pa.tioies 

comprises ^^JJ^JJ constituting the n>etal particles 

containing a metal at ^^^^^^^ electrode 

to adhere onto the surface particles 
portion, and then, ^-""J^^: selective- 
,o decompose them, to obtain the 

growth region constituted of ^t^^.^" ^3^,1 
!f the cathode electrode "'^-^^-^'^^Ip^^ed of a 

p,,,,.,es adhere. ^P-^^^^/'^^.^X^ (copper iodide 
solvent and the metal compound P^-^^/f / ^'^^f ^..^ode 

1= is formed on the surface of the ca 
in Example 9) is lorm removed to retain 

electrode portion ^ ^ .^metll compound 

rcr:Ao:rdr;::;icies, are decomposed 

TeatingM oftain the carbon film 

region constituted of ^^^^J^IZ^ ZJl... the 
electrode which portxon has a 

--^=^::orrtL^:reir::is:r:;vi:e and the 

explained below. 

[Step-9001 ,step-6001 to [Step- 

in the same manner as m [Step ^ „„ = 

1,6 a cathode electrode U is formed on a 
630, -,-^"P^^;^;//,rm,,„ for example, of a glass 
supporting substrate 10 m , ^^^^^^ 
substrate, then - rnsu ati lay ^^^^ 

:rT:t:Ti:rodi\:\aving a first op^^^^^^ 

14;. is formed on the insulating layer 12, and 



) 
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•na nortion 14B communxcat xon with the first 
formed in the insulating layer 12. 

'"^■'"".IL, a .asK .aye. Ue is fo^e. so as to e o,, 
..e su..ace o. ..e ca.^oae e.ec..oae U^" a c n«al 
portion Of the bottom portion of the econ p 
portion i.B in the same manner as -J^--"^ 
....p.e e. r;rtr„thoae exectroae U. 

rp^'iLr; irslon prepares aispersih, copper 

r;i:e\ine^arti=ies in a poivsUo.ahe --.on r 
appXiea to the ent.re surface by a sp n coatr , 
iro:^:: "oi-arrmli part^^^^^^^^ .opper 
iodide particles, on the surface of the cathode 
eiectroae portion, .hen, ^^^^^-^ :ZV'c\: 
and heat treatment rs carrred " 
remove the solvent, to pyrolyze the ^PP" 

---^^^"d rrfrof^re'crtLrrectro^ru, :.ere.y 

the exposed surface or 

-Fnirn selective-growth region 20 can oe 
the carbon fxlm seiecx-xvc y 

obtained . 

''""".hen. the carbon film 23 havin, a thickness of 

approximately 0.2 ,™ is formed oh the --^^2."-^s\n 

selective-growth region 20 in the same manner - 

sexei-i-xv an pTpctron emitting 

''"-"".h'h^TftlJ'emtst rlvTc: Is shown in .rg. 
r::: JoTt-arlerr the same manner as rn .step-eeo, 
^ ^ . ^hpv-e can be obtained an 

LLrrrv^e' rh co™..es the conductrve 
layer , correspondrng to the cathode electrode rn 

— - - - ei^tron 
selective-growth region 20 is forme ■ 

emitting portion composed of the 

V, -Filtn spiective-growth region • 
on the carbon film seiecuxv ^ 
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. a.splav .3 assembled .n Z sa.e manner as .n [Step- 

• r^-F thp copper xodide tine 
u-^v. ^ftpr the dispersion of tne copy 
which, atter i-ue , ^ ■ „ -i o ^nolied to the 

-^^^=^:Li:;e r;r::r:::a:r:::::,To. e^^p., a 

entire surface Py a p , ■ the entire surface 

copper iodine. By t.ni carbon film 

ax.owe. to a..e.e onto t.e eu.tace o ^^^^^ ^^^^^ 

c^elective-qrowth region 20. Furtner, 

natur I oxide fil.) on the sutface of eao. ™et 1 
patticle 21 .ay be .e.o.ed in t.e sa.e manner as tn 

[Step-720] in Example 7. 

n 10 the step of forming the carbon film 
Example 10, the step c,teps of forming a 

selective-crowth region oo.pr.ses the steps 
.as. layet so as to expose the surface of the =a 

electrode in the .otto. ^°'=^;2:12 ZT coZos.. of 
portion and then formrn, a metal thrn 1 y ^^^^^^ 

"™ zzzT rv^irtt: ithod of the 

fiererri:: ZZ:^ the P^odnctron .ethod of the 
display rn Example 10 wxll be explained below. 

''"'T'the same manner as in tStep-600, to [Step- 
e30, in .xample e, a cathode electrode 11 is .or.e o 
..pportin, snbstrate 10 ; tH on the 

substrate; then, an insulating layer 



20 



2r 
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supporting substrate 10 and the cathode electrode 11; 
then a gate electrode 13 having a ^Irst opehtng portron 
L ior.ea on the rnsnlatrng layer 12; and t en 

second opening portion 14B '^~'^^^^°\''22\TTs 
openrng portion 14;. forced in the gate electrode 
formed in the insulating layer 12. 

the surface of the cathode electrode 11 in a central 
portron of the botto. portion of the -™nd openrng 
portion 14B in the same manner as in [Step-640, rn 
Txa^ple 6. Then, a metal thru layer 22 - 
mask layer 116 and the exposed surface of the cathode 
Telrode 11 by a sputterrng .ethod under the con rtron 
shown in Table 4, and then the mask layer 116 rs remove 
,see Fig. 12A). in this manner, there can be ob"---^ 
The carbon film selective-growth region 20 -nstrtuted 
Of that portion of the cathode electrode whrchportron 
has the surface on which the metal thin layer 22 
formed . 

''""T„, the carbon film 23 having a thickness of 
approximately 0 . 2 ,m is formed on the carbon frlm 
sflective-growth region 20 in the same manner as rn 

-;rr.v rr^- :reir-s\o™ 

rar:rcrp:e:::-i""; same 'manner as in ,st^p 660, 
Example 6. Otherwise, there can be obtaxned an electron 
ZTLon devrce whrch comprises the conductive layer 
Corresponding to the cathode electrode 11 rn Example 
0° on the surface of which the carbon film selec rve 
rLth region 20 is formed, and the electron emrtt ng 
portron composed of the carbon frlm 23 formed o the 
Lrbon film selectrve-growth regron 20. -^.^^er, a 
display is assembled in the same manner as rn [Step 1301 

in Example 1. . -, on -io 

in Example 10, after the metal thrn layer 22 rs 
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sa.e manner as xn [Step-720, in Example ^-J-^'^^ ' 
..ere .ay be employed a constitution .n c-. for 
example, a thionaphthene solution iS applied to the 
Tntlre uriace by a spxn coating .ethod, and heat 
t e t.ent Is cabled out to fully remove so ve . 

„he.eby sulfur ^ rior;. 

surface of the carbon frlm selectx g p^rther, 
n • in rqteD-8101 in Example 8. Furtner , 
Is explained m [btep oxuj 

— - - — ^rrr:::: rrd't^rayer 

irford-on^Lrrf::: of'the .«..on o^ the cathod 
electrode 11 which portion Is "^^^^ 
portion of the second opening portron ^J/ 
sputtering method, and the metal compound thrn layer 
spuT^x-fciiJ-i y opiective-qrowth 
pyrolyzed to form the * ^^^^^^f ,L„ed on the 

region 20 composed of the -"^^'^^^ 
surface of the cathode electrode. ?"rth«, 
, thin layer may be formed by an HOCVD method. 

^^^^^ample 11 Is also directed to variants of the 

i_ ^ -F-iim qpI ective-growtn region 
r, in Example 11, the carbon film selecti y 

is composed of an organometallic compound thrn layer, 
"-"'"f J „f a comolex compound of 

more specifically, composed of a complex P 

nic.el acetylacetonate. In Example U, 

,,ep of forming the organometallic compound thrn layer 
on the surface of the cathode electrode portron 
comprises the step of applying an -^---""^^^ 

;?r, explained below. 



[Step-1100] 



in the same manner as xn [Step-600] to [Step- 



6 a cathode electrode 11 is formed on a 
630, in Example 6a cath ^ ^^^^^ 

supporting substrate 10 ..de , J ^^^^^ 

substrate. ^ L rHode electrode U. 

supportrn, sub St at 0 ^^^^^^ ^ ^^^^^ ^^^^^^^ ^^^^^^^ 

then, a gate electro ^ 
14^ is formed on the insulatrng 1^^" " ' ,,,,, 

^ „ portion 14B communication with tne 
second opening portion 14 electrode 13 is 

opening portion 14A formed in the gate 
formed in the insulating layer 12. 

'"^^Tn, a masK layer US is formed so - " 
.he surface of the cathode electrode » 
portion of the bottom portion of the ? 
portion 14B in the same manner ^l yUZ^anL^.l^^c 
r, Example 6. Then, a ^^Ver composed of an o g ^^^^^ 

compound =0--°;;°;-;-: expLed surface of 

formed on the masK layer U ^^^^^^^ 
the cathode electrode 11 by a spi 

applied o.,anometallic compoun s^u^ ^^^^^ 

» then the masK layer "/^^.^^l^^^.h region 20 

Obtained the carbon ^^^^J/^f/^^^/.^^, .hin layer which 
composed of the organometallic ^^^^ 
is formed on the surface of H^'^^l^^^l,,^ portion 

electrode which portion is exposed in the 

,r, Of the opening portions 14. and 14B and which is 

^ r.-F nirkel acetylacetonate. 
composed of nicKex ci<-c y 

''"'"xhen, the carbon film 23 having a thicKness of 
approximately 0.2 .m is ---/-Jirer'ar in 

- rst:r-r3:rrnTxa:p:rrr:-- - e^ctron emitting 

TortLn. .hen, the field ^-^--Z :. Example 
oompleted ^ -^f^^::! an^electron 

:mi:r:p::.ch c;;.^^ -r::eT 

(corresponding to the catno selective- 
ID on the surface of which the carbon film 
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10 



^ ,n is formed, and the electron emitting 
growth regron 20 ts °™ ^^^^ „ ,„„ed on the 

portion composed o£ the ca farther, a 

carbon film selective-growth =^-9"" ^ [step-130, 
display is assembled in the same manner 

in Example 1. ^jter the organometallic compound 

xn Example 11, afte ^^^^^^^ ^^.^^ 

thin layer is J^„,,,„,,etallic compound thin 

on the surface of the org ,^ 
layer .ay be also removed rn the ^^^^^ ^^^^^^^^ 
j3tep-7201 rn example 7 ^^^^^ ^ ^ .^ionaphthene 

a constitution rn whrch, tor "^'^^"P ' ^ 
solution is applied to the entrre f ,„ 

coating method in the Amoved by heat 

Example S, and then - ^ ^ ^^^^^.l^, .dhere 

■ rn::Thr;urfr of^r^rbL f^m selecti.e-gro.th 



region 20. 



20 



^ 1. 12 is also directed to variants of the 
..ol of the field emission device and the 
production method of the ^^^lained in Example 6 

p^duction method of the drs a explarne 
and further those of Example U- ^ of an 

ca.-n film ^electrve-growt reg 
organometallic compound thrn lay , 

,s composed of a complex -pound of nrcK ^^^^^^^ 
acetylacetonate. Xn Example J.- ^^P ^^^^^^^ 
organometallic compound ^^^^^J 
cathode electrode portron comprises th P 
sublimating an o-^ometallr. compou^- - 
depositing such an "..anometalrc^ ^^P^^^ ^^^^^ 

rsron^dirir a^d The Production method of the drsplay 
in Example 12 will be explained below. 



1 ^■r.r. lAvpr 12 is formed on the 
3..s.ra.e. -;r; rr e.ec.ro.e U. 

supportxn. sub t at 10 ^ ^^^^^ ^^^^^^^ ^^^^^^^ 

then, a gate exectrode ^^^^^ ^ 

14A is formed on the rnsulatxng ^^^^^ ' ...^^ 

•r,^ r^ortlon 14B communication witn 
second opening portion electrode 13 is 

opening portion 14A formed m the gate electr 
formed in the insulating layer 12. 

V laver 116 is formed so as to expose 
Then, a mask layer ij-u j.^ 

composed of nicKei y „„,f,<,e of the cathode 

, layer U6 and the ^^^^^^^^^ , p,„,,,ed a fllm- 

e.ectrode U. ^^-^^-^^J'^^.t^T.^ chamber and a 
forming apparatus havrn, a react ^^^^^^^ 
sublimating chamber connected to ^he 

through a heatabie tubing. ^''^^^'''Z Z^ the 

^ ^ ^ni-n the reaction chamber, ana T^nen 
" ! adjusted to have an inert gas 

^sphere, .hen, the nic.ei a=ety-=etona.e rs 
sublimated in the sublimation chamber and the 
sublimated nicKel acetylacetonate - " 

- ::rr ^rrg:n::rtauir:rpornd-thrn .^er 

rtrrnr::::; acet^lacetonate is deposited on th 

^^f. and the exposed surface of the cai-i 
mask layer 116 and the e p ^an have a 

11 Thp supporting substrate 
electrode 11- The supp y removed 

^^=,^nrp Then, the mask layer 
room temperature. . ^^^.^^.^^wth region 20 

^Ted'o: r: g n Itailic com:ound thin layer whrch 
rsTored°:n\he sLface of the PO^n of th cathode 

exectrode 11 which P-^-" ",,3 and which is 

35 portion of the opening portions i4A 
composed of nickel acetylacetonate. 
[Step-1220] 



Then, the carbon £11^23 having a thlcKness of 
approximately 0.2 .™ is forced on the "^'>-;^;; 
selective-growth region 20 in the same manner as xn 
rstep-7 30, in Example 7. to obtarn an electron emrttrng 
' ,2Bi Then, the field emission devroe 

portion (see Fig. 12B). men, 

can be completed in the same manner as rn If -P"""! ^" 
Example 6. Otherwise, there can be obtained an electron 
::::ion device Which comprises the conductive ayer 
(corresponding to the cathode electrode 11 xn Example 
2ron the surface o£ which the carbon film selectxve- 
wth region 20 is formed, and the -ectron emxt xng 
portion composed of the carbon film 23 formed on 
Lrbon film selective-growth region 20. "-^''"'J 
display is assembled in the same manner as xn I Step 

' " '^^"r Example 12, after the organometallic compound 
thxn layer is formed, the metal oxide (natural °-de 
Ti on the surface of the organometallic compound thxn 
layer may be also removed in the same manner as xn 

„ Step-720, in Example 7. Further, there may be employed 

rroLtitLon ^-^■^i:-:^-^?'::^' 
rariirmrth:::^::: .o..... .s 

heat treatment, in the same manner as xn « " 

Example 8, whereby sulfur (S) can be allowed to adhere 
onto the surface of the carbon film selective-growth 

region 2 0 . 

^Tample 13 xs also directed to varxants of the 
,„ production method of the field emission devxce and the 
i:la.,on method of the display explained xn Example e. 
L Example 13, the metal particle ^dherxng onto t e 
surface of the cathode electrode has an — 
specifxcally, the metal particles are composed of copper 

1^1^ the step of adhering the metal 
(Cm). In Example 13, tne bL^iJ 

articles onto the surface of the cathode electro e 
portion comprises the steps of sublimatxng a metallxc 



composed of n.,eta ^j,,„,de portion. The 

on the °^ the field emission device and the 



explained below 
[Step-1300] 



InLe sa.e .anner as in tStep-600, to [Step- 
,30, .n La.pie a cathode eiect.ode U is .o™e " 
..pportin, substrate iO f ; on the 

:::;rte^:r rdThe^cirhode eiect.ode i. 
rhfn"rrarerect.ode i3 ha..n, a 

14A is forced on the insulating ^-^^ . " ' 

second opening portion 14B ^^^^ll^l^l^oT,^ is 

■„„ r>ortion 14A formed in the gate electrode 
opening portion i4« preferably, the 

;:, ... - . . " ... 

oreferably composed of the same material. F 
Terefore! the cathode electrode 11 is composed of 



copper (Cu) 



'"^'Tn, a mas. layer is formed so as to expose the 

.hen the metallic compound is sublimated to deposit 
acicular metal particles composed ^ ^^/^ 
.specifically, copper) -J-^";:- ^ r^trole portion. 
..mpound fH^-.orming apparatus 

r"n T ^tion namber and a sublimating chamber 
:ZZ::Z the reaction chamber - 

an— 
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. . a reducing'gas atmosphere (for example, 
adjusted to have a reduo. g g ,,bl.matiou 

a hydrogen gas ^--P*--^ ' . ^ sublimated at 4« 

chamber, ouprlc chlorxdo ^^-"-\^^^ ^„ 
and the sublimated cupric ^^^^ 

.eactio. Chamber Vreaet^on lamber, the 

example ^V.^ro.- ; " ^ ,,,,oxi.ately 430 , 

supportxng ^''^"""""'^^,,13, .opposed of copper are 
thereby acicular metal partrol P ^^^^^^^ 

deposited on the exposed -^^-J ,i.e 

11 Then, the mask layer it, 
electrode " " J'';;;^^^^^,,,,^,, ,egron 20 which is 
the carbon frlm -f--'^ « ^^^^^^^ 
formed on the surface of the por 

electrode 11 which portion rs ^^^^^ and which is 

portion of the opening P--^^ :;l,,3ed of copper, 
composed of acicular metal „f 100 nm 

The acicular metal particles have a drameter 
or less and have nearly uniform heights. 

'^"^T carbon film .3 havrng a thic.ness of 

— r:^on rb:^°-me:ror:i ; dtode 
-r nrrabret:r:btr:: rcLL 

condition shown m Table , carbon film 

emitting portion. ;rl;rture of 

formation cond tron ^^^J^^J^^.^ „ ..ample 13, 

Twrerr ci:- -r^rarri::: rrat^" " 

composed of the acicular metal part ci . 
convexo-concave shapes <P""- ° ^^^:",„,3,,o„ aevrce 
carbon film 23, and /^/^ f/^,^ ,e obtarned 

having high electron emrssron ^^^^ 
even under the condition shown rn Table 1 , 
even r£ the temperature for formrng the carbon 
set at 300 °C . 



Table_lA 

(Condition of forming^_carbon film) 

[Conax lcH-/H. = 100/10 SCCM 

I Gas used " 



lpress^are___ 

H icrwave_power 

rTij^nTTo^^Tdjng temperati^ 



1.3 X 10' Pa 



500 W (13.56 Mz)__ 



300 °C 



'""Tn, .he .ield emission device can be co.pletea 
in the same manner as xn lStep-6601 in Example 6. 
;Le™ise, there can .e o.taine. an electron em.ssron 
device which comprises the conductive layer 

rn the cathode electrode 11 m Example 
„ [T":T::s7J:J:1 the car.on .Hm selective, 

r Lth region 20 is formed, and the electron emrttrn, 
Torlion composed ot the car.on ^ilm 23 formed o .he 
Lbon film selective-.rowth region 20. ^^^^^^^J 
display is assembled in the same manner as rn [Step 

If) in Example 1- ^- ar-i=- 

in Example 13, after the metal partrcles are 
formed, the metal oxide (natural oxide film) on the 

urfacl Of each metal particle may be also " 
.he same manner as in [Step-720, in Example 7 Further, 
.„ there may be employed a constitutron rn "h-h for 
example, a thionaphthene solutron - ^PP^-^ 
entire surface by a spin coating method, the" ^^e 

. • ^^niiv removed by heat treatment, m the same 
solvent - J,_,,e 8, whereby sulfur (S) 

manner as xn [Step 810] y ^^rtacB of the carbon 

2r, can be allowed to adhere onto the surface 
film selective-growth region 20. 

^^^^^ample U rs directed to a variant of Example 
,3 in Example 14, specifically, the metal 

e composed of iron, re,. ^-^^ "to^/jr 
£,eld emrssion devrce and the productron method of 
display in Example 14 wrll be explained below. 
[Step-1400] 
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^ rc:teD-600 1 to [Step- 

6301 in Example 6 a cath ^ ^^^^^ 

supporting substrate 10 \ ,„„ed on the 

then, a gate electro ;l2- and then, a 

,s Zuniration'wit. the .itst 

second openrn p tton ^^^^^^^^^ 

opening portron 14 Example 14, the 

formed in the insulatrng layer 12. 

cathode electrode 11 is composed of rron (Fe). 

''""""l"' a mas. layer is formed so as to expose the 

irr."::.r.'r::.::r 

the reaction chamber, and then the example, 
.d,usted to ha.e a reducing ^-^-^^^iJZ...^ 
a hydrogen gas ^-^^l^^l^^J^^ ,,,,,„ated at 400 
chamber, ferric chloride (Feci,) 
and the sublimated ferric chloride - 

.eaction chamber " Hber, the 

:>„ example, hydrogen gas^ In the , 

:rery^:!i:rr"::arpriries co^osea of iron are 

-r :: ^r:: r m^TL;:: rretr to ... 

electrode li- intiu, „hnrh is formed 

V. ^^im c^elective-qrowth region 20 whxch rs 
3,^ a carbon film selectiv g cathode electrode 



11 which 



open.n, po.t.ons ... an. UB . . ^ ^CTjL. 

aoicular metal particles composed o£ iron, l 

TeLl parttcles .ave a diameter of 100 nm or less and 

have nearly uniform hexqhts. 

rStep-1420] , 

The carbon film 23 having a throkness of 

approximately 0. .. is ^ r;:^,^ drode 
selective-growth region 20 by a cvu 
parallel plate plasma enhanced CVD system under a 
Condition Shown rn Table 13, to obtain an electron 
emitting portion, under a conventional carbon frlm 
frrmatiL'condrtion. a film forming -perature of 

approximately ,00 ^ ^ ---r;r:;trreX - - 

however, the carbon film selectiv y 

even under the condition shown in Table ' ^ 
0 even if the temperature for forming the carbon film 
set at 300 °C . 



(.^^""^"^ 


C2H4 


/H2 


= 100/10_SCCM_____J 


|Gas_iised_______ 


1.3 


X 


l^^_^a 


p4icr^owave'"p^ ZZZ^^^ — 




JOO 


W 


(13.56 Mz)__ 1 


[TiQ^ir^^rming temper a ture_ 


300 


°c 





in the same manner as in tStep-660 , in ^-"P^^^; 
Otherwise, there can be obtained an electron emission 
device which comprises the conductive layer 
Corresponding to the cathode electrode 11 m Example 
n Le sulface of which the carbon film selective 
grLth region 20 is formed, and the electron emitting 



port.on composed of the ca.bo. £ii™ 23 fo^ed on .ne 

display IS assembled in the same Manner as xn (Step 

" ^^^Tn%Ule 14, after the .etal particle, are 
forced, tne metal oxide (natural oxide £11^) on the 

Of each Metal particle .ay be also re.oved r 
.he sa^e Manner as in [Step-.20, in Example 7 Furthe 
.here May be employed a constitutron rn wh-", for 

manner as xn [brep oj-wj carbon 
can be allowed to adhere onto the surface of the 
filM selective-growth region 20. 

^^^^ample 1. Is also drrected to variants of the 
production Method of the field eMlssron -^^^^Z^, 

production method of the display ^P^^^^^" f ^j'^^^ 

i_ qpI pctive-qrowtn regioii 

„ T ^ 1 c; •t-hp> carbon lilin sexeuL-xv^- ^ 

of the cathode electrode by a platrn, -^^^od. The 
production method of the field eMission devr and t,e 
production Method of the display In Example 15 wrll 
25 explained below. 

'"'''""rihe same manner as rn IStep-600, to tstep- 
„0, in ExaMple 6, a cathode electrode U " 
sup ortlng substrate 10 Made, for example ° "^^^ 
substrate, then, an insulating layer 12 rs formed 
:rpportin; substrate 10 and the ca-o- ^ie .rode , 
then, a gate electrode 13 having a first opening p 
: s formed on the insulating layer 12, and then 
second opening portion 14B co^unication with ^^'^ 
opening portion 14. formed in the gate electrode 13 is 
formed in the insulating layer 12. 
[Step-1510) 



lift is formed so as to expose 
Then, a mask layer 116 rs torm 

portion 14B m tne selective-growth 

1^ Then the carbon film seiecT,xv y 

Example 6. Then, "ci ^ , ^, ..ver is formed on 



is immersed xn a zinc p constituted o£ 

carbon film seleotive-growth '^-^.on 2 

::r:d in ..io. t. -rr ai::..o^e 

connected to a t;;\":r::i iabiy prevent t.e 

is connected to » J ^^^^ ,,,,„cde, it is 

:::::: rd tM:::: ti ,ate electrode » to t.e anode 
fide. ..en, t.e mas. iayer U6 - 

organic solvent sue. as acetone, t ve^t^^^^^ ^ 
, selective-growth region 20 wh ch ^^^^^^ 
metal thin layer composed of zrhC , ^^^^^^^^ 

.he surface of the ^°^^'-;\°'JXlTon portion of the 
Which portion is e.pose - - ^t^^ 

opening portions - ^ solution 

' There an be obtained a carbon film selective- 

re/ion ao constituted of a metal thin layer 
composed of tin (Sn) . 
„, '"^"Tn, the carbon film 23 having a thic.ness of 

approximately 0.2 .m is -™;;;-;:;rd° a diode 

selective-growth region 20 by a cvu i 
seiet-L.-Lv^ ^ , , ^,.p, cvstem under the 

parallel plate .--J--" o obtirn an electron 
condition shown m Table i^, 
:]r, emitting portion. 

''""'"hen, the field emission device can be completed 



^ in rqten-6601 in Example 6. 

■» — » 

• v, rrT~,r-^c;pq 1" b e ronductive layer 
device which comprxses .ne - - ^ ^ Fxample 

15) on the surxd electron emitting 

,.o„th region 20 is formed, and the 

portion composed of the carbon frlm ^ 
.arbon film selective-growth regron 20. ^J^^^ ' 
display is assembled xn the same manner as in I 

" '^"t^Ule IS, after the metal thin layer rs 
.ormed, the .etal o.ide (natural o.ide -^-J ^ ^ ^„ 

....ace Of the T^al When the 

the same manner as rn [Step 1 
-, above treatment rs carried out, the ^^^^^ 
formed under the condition shown rn ^^^^^ " 
there may be employed a constitution "J^-;;/^^^ 

-rr;u:frer:rrrprn roarir^rthr^::: tnen the 
. :rirnt^:rruiiy^emoved by ;,rs:rfun:> 

manner as in [Step-810, in Example 

can be allowed to adhere onto the surface of 

film selective-growth region 20. 

^^^^^ample 1. is a variant of Example 1. - 
- .xample 16, a convexo-concave shape - 

surface of the portion of the ^^^^/^^J.^^^ 

rh:Tatror:i=e°:i::ir::rt.: ^^^r t 
-a-irirc-^rrord-r 

oThat 1 field emission device having high electron 
so that a liei „Kt;,ined The production 

method of the display in Example 16 will P 
below - 
[Step-1600] 



^ nn rqteD-1500] to [Step- 
in the same manner as xn [Step J 

1 IS a cathode electrode U is loru 
1510, in Example 1., a cath ^ ^^^^^ 

, supporting substrate 1 --^^^ ^° the 
3..s«a.e, r; L /atLae elec^oae 

3.pport.n, .u. t a -.in, a first opening portion 

; ris .re/on t.e insuiatrng U , ana t.en a 

T^nrtion 14B communication with tne ix 
second opening portion 1 electrode 13 is 

opening portion 14A forced in the gate 
formed in the insulating layer 12. Am 

.hen .ormed so as to -P;-;-;;:^ . Lttom portion 
electrode U in a central port on of ^^^^^^ 

of the second openin, fil. 
in lstep-6401 in Example 6 ^>^-^' t,i„ 
, selective-growth region CO stutea^^ ^^^^^^^ 

r/acrr::: Tat:::: ireltroae n a Plating method. 

[Step-1610] v.c-hr-si-P 10 is immersed in 

Then, the supportrng substrate 10 

^ ^; —rcrrirn^r:^^^^^^^^^^^^^^^^^^^ 

rstrty^f ..e metal thin ^^^^^ Tthe 

" '"'"'"hen, the car.on film 23 having a thiCness of 

.pproximatelv 0 2 .m is ™ -—711:: a diode 

selective-growth region 20 by a u 

sexet.i-iv^ ^ , cvstem under a 

,.rallel P-;^/--— ^^-^ oTbt": an electron 

30 condition shown m Table id, 
emitting portion. 



Table.__L6 
(ConditJ_on_ 



of forming carbon^ilm) 




. ''"'"'".11, ..e field emission device can be completed 
sa„e .anne. as ,S.ep-«0, ^^l^^^^^ 
Otherwise, there can be obtarned an electr 
device Which comprises the \„ ..^.ple 

(correspondin, to the cathode -1-"°^"'/^ selective- 

>» - - -^-;rIs°:ore:: 

:.e carbon .ii. » .or^oh the 
carbon fii. select ive-,rowth -,ron ^O- 'J^^ 
display is assembled in the sa.e manner 
,5 in Example 1. ^^^.^ ^^^3^ is 

in Example 16, atter i.. ^.,„. the 

termed, the metal oxide (natural ox.de 

surface o. the ^^^^^^^^^Z ^- -^^^ 

the same manner as xn [Step j 
,, There may be employed a constrtntron ^^'J^^ 
example, a thionaphthene solution JP^^ 
entire surface by a spin coatrn, -^-""^^'J^^^^,^^ ..^^ 
.„,.ent rs tally removed by --^/f^:; :;, ,s, 
manner as in IStep-810, in „,,on 

,3 allowed to adhere onto he ° 
£i.m selective-,rowth re,ron 20 Eurthe ^^^^^^ 
the convexo-concave shape rn the surfac ^^^^^ 
£ilm selective-growth regron 20, 

nydroxrde agneous sol.tr rs us d .ut^al^ ^^^^^^^ 

:5„ hydrochloric acid, diluted suir ^^^^^^als 
„.trrc acid may be used --^^JX . 
constituting the carbon frlm selecti 
Example^XI 



T 17 is also directed to variants of the 

production method o£ the d. pi ^ / region 

n 1-hp carbon fxlm serei- i-j. v -:j 

in Example 17, ^he c ^^^^^^^ 

composed of a -^al thtn ^^.^^ 

the cathode electrode by a meth ^„^„,ticn 
organometallic compound is P^-^^^;;;„;';te production 
method o. the neld emission dev. and th P 
method of the display in Example 17 
below. 

lStep-17001 ,step-6001 to [Step- 

in the same manner as rn [Step 1 ^ 
1= fi a cathode electrode 11 rs torme 
6301 in Example 6, a example, of a glass 

.npportm, substrate 10 , ,„,„ed on the 

, ....trate. -^-^Jf; e^cfthode electrode 11, 

supportrng substrate 10 a 

then, a gate electrode 13 ^avmg ^ 

formed on the insulatrng ^^'^^^^ ,,„t 

.econd opening portion 14B -^--f^ °"^,,,trode 13 is 
,„ opening portion 14^ formed rn the gate 
formed in the insulating layer 12. 

''"'Tn, a mas. layer 116 is formed so as to expo.e 

the surface of the cathode electrode ".n a central 

-F i-hP> bottom portion of the secouu f 
,r, portron the bot p ^^^^^^ 

portron 4B rn ^, .elective-growth 

Example o. ^hen, ti formed on 

region 20 composed of a metal thrn layer 

1, laver 116 and the exposed surface or 

the mas. layer 11 ^^^^ ^^.^^ 

cathode electrode specifically, there rs 

acetylacetonate rs P^^^^^'^"'- J ^ reaction 

provided a film-forming apparatus "avrng 

have an inert gas atmosphere. Then, 
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in the sublimation chamber, 
3«tv.a=e.ona.e ^^^^ ^ ^/.^^^te is sen. to t.e 

the sublimated nic.el acety 
taction Chamber together wtth a carrte g 
.„ppo.tih, substtate .s - 
temperature in advanc The supp ^^^^^^^^ 

,,e.erabiy ---a^^il iLr, a'ntcKei (.i, layer 
200 °C. in the reaction acetyulacetonate rs 

obtained by the pyrolysrs °^ ^ , ,,,,,,e 

deposited on the .as. layer 116 an the ^^P^ ^^^^^ 
0 o£ the cathode electrode 11. Th ' ,eg,o„ 
removed to ,ive a lll^ll^X;:^,,^, ,1 composed o. 
20 composed of the metal thrn lay portion 

compound solution -"::-;;r;re' ::.rceT;::e'ma^s. 

sprn coating method, to the enti ^,,,„ode 11 

xayer 116 and the ^^^'^l^ °J Z,,^, p^.^ion of the 
- Which surface ^l^^l ^eZZen.r., portion 14B, and 
bottom portron of the secon ? reducing gas 

the resultant coating xs 

atmosphere, to pyrolyze the crganom ta 1 c c p 
,i„e (Zn) can be also obtained. 

'^^^^-"^n, the carbon film having a thicKness of 

------ °- rrt:: :r:re;:rin 

::t:r-;::rr:a:rir:;:o^:..ain an ele=tron emittmg 
rrfion. '.hen, the field emission^ .e-e ca be ^^^^^^^ 
- completed -r^rrr^obti^ed an^electron 

LirnTeli'ce":" h comprises the conductive layer 



17) on the surface of which th emitting 

- — ^: r: "3 fo^ea on the 

portion composed of the car pother, a 

carbon film selective-growth ^^^ron 2 3,^^.130] 
display is assembled in the same manner 
in ^--P^;;- ^,,3, metal thin layer is 

formed, "hriTal o.ide .natural o.ide film, o t 

Of the ^Lre .urther, 

the same manner as m [Step J . ^^.^v, tor 

.here may be employed a constitution ^^'J^^^^'J^^^ 
example, a thionaphthene solution - JP^^^ 
entire surface by a spin coating 

solvent is fully removed by ^""^ ^7^7;^^;,^ ^^..^ (s, 
manner as in EStap-SlOl in --f/^^^^f/;,/,,, ...ton 
can be allowed to adhere onto the surface 
film selective-growth region 20. 

^^"'^^'^^ 1. 18 is directed to the electron emission 
,„ Example 18 is dir emission 

device of the present invention, the fi 

device according to the second -^J^ "/^^'^^/..^ect of 

4-- the display accordxng to the tnxra f 
inventxon, the ^^^^^ J production method 

the present xnventxon and the p ..mention. 

- rshrr—irp«..ai end view of 

..e fieldlmission device of Exampie - .he .^e- 
emission device also comprises a ^-^^^^^'^^ ^,,,,„,e 
formed on a supporting -'^^"^"^^"/"/./..^^.e U and 

- " - ^'^"^r.^rr. The fie d emission 

has a first opening portion 4.^ ;J;^^^,,,.g,owth region 
device further has a - i„^sele^ ^^^^^^^ 
20 formed on a surface ot P ^om 
electrode U which portion rs PO-^^^^ ^ ^^^^„„, 
portion of opening P"-;-^/-;;;,:^ '^Is formed on 
emitting -^^^ — . owth^region 20. In example 
the carbon film seiecuxv ^ 
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,S ..e carton seleC.ve-^.o.th llll^l]' 

aevices explaxned ^".--^^/j;;^ ,3 for.ed 

.elective-,rowth reg.on 20 and t. ,„,,,,,i„, 
thereon extend to reach an xnterr 

.ayer n. m so.e -^^^ 

selective-growth re,ron ^^' -J^^ ar.on fii™ 23 for.ed 
selective-growth reg.on 20 and th ^^.^^ 
thereon may be formed only on the surface 

the cathode electrode U ^ ^J,,, ,,,, 

in the bottom of the openrng portions 14 
Those Of the field emission devices explarned rn 
, Kxamples^e^t^o .1.^^^ ^^^^^^^^ ^^^^^^ ^^^^^^^ ,3, the 

insulating layer 12 is formed on -PP°--;^^^^„^ 
substrate 10 and the cathode electrode 1 he 
opening portion 14B co^unicatron ^^^/^^ ^J^^, 

» portion 14. formed ron ,1 - - 

rsirnin:-::.^:: Tortion Of the second opening 

^""°%h?"display Of Kxample IB is — --"y 
« similar to the display shown rn Fig. B so that 
detailed explanation thereof 

The production method of the field em 
aevrce and the production method 
Example 8 will be explained below with referenc 



3(1 3A and 3D and Fig. 13- 



[Step-1800] istep-lOO) in Example 1, 

„ the same manner as rn IStep ) ^^^^^ 
an electrically conductive material ayer to 
...trode is formed on a JPPO.^ing^s.b.;^^^ ^^^^^^^^^^ 
tor examp e, °^ lithography and a 

ror:i;rho:: rrorm the^athode e^ctrode 11 in 



^v.^ c^nnnortinq substrate 10 (see 
the form of a strip on the supportx g ^ 
111 The cathode electrode 11 in the 

a sputtering method. 

'^"^Tn. t.e carbon selective-,rowth region .0 

,3 .or.ed o^ the surface ot the " 
^ne sa^e manner as in tStep-UO] m Example 1. 

'"^'Tn, a carbon fil. 23 havin, a thicKness of 

■ , Jv 0 2 is formed on the carbon f rim 
approximately ^^^.^.^ 3„ electron 

, .elective-growth re, on 0 ,,„,.,,,,ined state, 

emitting portion Fi,. ^ ^^^^^^^^^ 

The carbon film 2J can o ^ „ Table 12. 

CVD method under the condition shown in Table 

'"^'""hen, the gate electrode 13 having the first 

specifically, the insulating in 
entire surface in the same manner a n St ^^^^^ 

\:ron^::;:rf: rea on^". insulLmg layer 12 
rre^rrnnL as in .tep-e20, ™. . ..en, 

^^r^r-h-inn 14B communxcating w-n-ii 
,he — r-'^^":::/;; r.Lmed in the gate electrode 
£i„t opening portion ^^^^ 33„e 

13 is formed in the insulating layer 12 
manner as in tStep-«0, in --^^/^^/^re^econd 
carbon film 23 in the bottom portion of th ^ 
opening portion 14B. In Example ^ -J^^ ^^^^ ^ 

p„,io„ 14. and the second opening P"^-" 
one-to-one correspondence relationship as well 

opening portion 14.. When the 
first and second opening portions 14A and 



■20 



1. of a cxrcle having a diameter of 1 to 

i:z ":/::Tu«-:e:. .o ..e ....... .o.....^ 

approximately 1 to 3000 per p xel In 
j.eld emission device shown xn Fxg. 

[Step-1840) „„p„ina end portion of the gate 

electrode P^^^J the rnsulating 

second openrng portron 1 etching in 

, layer 12 is ^^^""f;; ^^^/.^eo in Example 6. Then, a 
the same manner as rn [Step [step-1301 
display is assembled in the same manner 
in Example 1 . 

S^^^SBlfiOl ^^^^^^^^ electron emission 

If) Exampxe ^ ■ ^ field emission 

device of the present rnventron, the fr 

device according to the second -^J^ f ^^fj^.^ect of 

dtsclav accordrng to the taxi 
inventron, the ^-^^1 V production method 

the present rnventron and the p invention. 
.0 according to the third ^^l^^' ^nd view of 

Fi,. 15 shows a schematic partral 

t.e field emrssion ^ I^rally the same 

emission device rs -'^^""^""'^ ^.^^^ example 18, sc 
as the field emission ^^^^^^^ ^ZTls omitted. Furthe: 
.,, that a detailed -P^-^^ l^ially similar to 

the display of Example 9 rs s 
the display shown rn Frg. 8, so 
explanation thereof is omrtted 

The production method of tne ir , .„ 



Figs . 



14A, 14B and 15. 



'"^'"^Trst, a cathode electrode 11 in the form of a 
.t.ipe Is-fo^med on a supporting substrate 1 made.^f r 

nlass in the same manner as m f 
example, of glass m ^ ^ .^.^ selective-growth 

i« Then, a carbon film seie^ 
in Example 18. men, 



_ 90 - 

^ r. ^ surface of the cathode 
region 20 is formed xn a surface ^aioi in 

electrode U in the same manner as xn [Step 
Example 18 (see Fig- 14A) . 

■ idA is formed above the carbon film 
openxng portron 14A rs forme 

selective-growth re, on 20 - ^ insulating 
rTir°: Torrron thl-ent^e surface the sa.e 
rer"as^\step-eiO, In K.am.le . an. ate 

electrode 13 havin, ^^^^ manner as 

termed on the insulatrn, layer 12 ^^^^^^ ^^^^^^^ 

in [Step-620, in Example J^^^"' „g p„,ion 

p„,,,„„ co^unicatrn, -^J^^;;/; 

14A formed rn the gate -^-""'''^ " tStep-6301 
insulating layer 12 in the "^"""J^^/,^,,,,3!g,o„th 

s t-o expose the carbon film seiectiv y 
in Example 6, to expos second opening 

■ „ 90 in the bottom portion of the secoi f 
region 20 in the opening portion 

portion 14B. In Example 19, the ^ne-to-one 
.0 14. and the second opening P^^^ "^^^^^7,,, 

correspondence "r.i.st opening 

second opening portion 14B is ^-^^ 
p„,ic„ ,4.. When viewed as ^ f /-"j ^J^^ 
second opening portions 14. ^^^/^^ , 3„ 

-F => r-irrle having a diamerer 

Fig. 14B can be obtained. 

''""Tcarbon film 23 having a thicKness of 
approximately 0.2 .m is formed on the ^^^^'T 
selective-growth region 20 in the same manner as in 

seiecuj-vc y ■ ^ on (oiertron emitting 

tStep-650] in Example 6, to give an electro 

■> portion (see Fig. 15) • 

[Step-1930] r^nrtion of the 

Then, for exposing an opening end portion 
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^ 1^ preferably, the side wall surface of 
gate electrode 13 prefer , ,,3ulatrng 

-^^^^ r !eede xsotropic etchrng rn 

^''"TxI l ;ep-660 in Example 6. Then, a 
the same manner as m [Step b j rstep-130] 

drsplay is assembled rn the same manner as m [S 

in Example 1. after the formation of the 

in Example 18 or 19, after tne ,^^^,,^.1 
^•on 14A and 14B, the metal oxide (natural 
rrf irmfrthrsurface Of each metai partrcle or on 
riurfaci Of the metal thrn iayer .n the e.pos d 
carbon fil:u selective-growth regron 20 ^ 
described in [Step-720] in Example 7. ^^^^P 

io R there may be employed a 
rstep-810] in Example 8, there may 

• after, for example, a 

constitution m whxch, after, t ^^^^^^ 

thionaphthene solution is applied to the entx 

fnim selective-growth region 20. Furrner , 
the carbon film seiecT,xvc y ^ ^ ^ 

.escribe, in Example 9. there .ay be -P^^j;^/^^^^^^^ 
constitution xn which the metallic compound partrcl 
are allowed to adhere or the metallrc compound thrn 
layer is formed, and then the metallic compound 
particles or the metallic compound thin layer rs 

- rhrm:tri^::rcrer:rrrn: onto 
r::;,Lr:r:re "dtroL eiect^de or . ..... ...h 

layer formed thereon. .escribed in 

Further, in Example 18 or 1», 
Example 10, the step of forming the carbon frlm 
Telertrve-growth region may comprise the steps of 
.ormin, a masK layer so as to expose ^'^-J^^^^H^^^^ 

1 1R or 19 as described in Example U or ii. 
in Example 18 or 19, as selective-growth 
the step of forming the carbon film selecti 



the step of forming, on the cathode 
electrode, a la.er sublimating an 

adhere onto the surface of the compound and 

.e the step, of J ll rsed of the 

, depositing J c mpound on the a.ove 

netal constituting the meta Furthermore, 
surface of the cathode -^-""^^/f^^^^^^^i, 13 or 16. 

1^ 1R nr 19, as descrxbed xn Exampxc 
in Example region composed of a 

. rtar::: 1:;:/:^ . formed on the surface Of ^the^^^ 

— r"the"ca:rr;i::rrt;.e-gro.th region 

in Example 17, the cax formed on the 

::::::: »-od ^ .ich an 

^" rtreTe^- — ntas .een explained 

.,th re^nce ^c^Kxampies hereina.o e the^present^^^ 
invention shaii not .e fj^;^, ,i,i. 

conditions, materials and examples 
,r, amission device and the display exPla-ed ^^^^^^ 
„e given for illustrative purposes and may 

as required. electrode, there may be 

For forming the gate 

...icyed other method in which a me., i yer whi . 

form of a band and has ^ P^«; , 

portions formed therein is provided i„3,iating 

electrode supporting members compo ed - ^ 
^aterial in the ^.L^'and the metal 

. rrrra::: rr::: carb n fi. o th 
-^n-crtrt-rtLri:^^^^^^ 
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in this case, the carbon 



r°t;:re^ — °^ 

,o™ed -^-/^^^'^ re:;.owtn region and t.e car.on 

the carbon fxlm seiecriv y 

-pi-^r- -t-hp arranqement or uuc 
£iX. .ay be ^^^^^ ^^^^^arbon fii™ selective-growth 
electrode. arrangement of the gate 

region may be formed before the y 
electrode and the carbon film may be formed 

::irti::-:r:rre:i;n"cLy not be formed 

) carbon film seiecri y ^^^.^n 14A. In these 

r :' ':: 

second insulatxng layer ^ ^ f^^^s 

^" rfrrLrrrLrnrmsllating layer 1. 

: : r. h L : schematic partial end vie. of the th.s- 

- -^rrsTtrrripeirprttn . 

insulating layer 17 has a thir y ^^^^^ 
co^unicating with the °P--^/;f^^™ ^o^ example, in 
electrode IS may -;;;- ;;;;;;:re;„ode 13 in the 

r":raU:ipri: or;ed"n\he rnsnlating layer 1. 

form of a st-ripe x .7 formed, then, a 

" tr, a device generally caiiea 

invention can be applied to a ^ 
surface conduction type electron emission 
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co.p.i.es a :;:„„e. on ..e s.ppo.t.n, 

glass and pairs of electr ^„ electrically 

Lbstrate. The electrode - -"PJ-;^ , 
conductive material such as ^^^^^^ palladium 

indrum oxide ,In.O.,/trn oxrde ^^^^'^^ , ,ery 

oxide (PdO), etc. The "^^^^^.....^ined interval 

3„all area and is „e formed in the 

(,ap). The parrs of the el ^„^^„,tion type 

of a matrix. And, th i„ which a 

electron emission ^„_,,ed to one of each 

in the row direction ^^^^^^ 

pair of the electrodes -"^ ^^^^J;/ pair of the 

direction is - - I'ace conduction type 

, ,,,,,,„,es. film selective-.rowth 

electron emission device, 

region is formed on -^-f;::; ^^/i.e layer,, and 
electrodes •-"-P""''^";^"^^ Imposed of the carbon 
the electron emitting P°"""/;j,,iective- growth 
film is formed on the carbon film - 

region. «hen a voltage is ^PP^^^J;;^ J carbon 

electrodes, ^ --/h-- "hrou: the gap, and 

films opposed to each ^^^^ 

electrons are ^^ZZ Z anode panel to 

electrons are attracts ^^^^^ p^^^l^ 

colUde wrt. t.e ^^/f^ ,o emit light 

so that the fluorescent .a,e. _ 

and gives a desired image. electron emitting 

in the present invention, tne ^ , 

V, film is formed xn a 
portion composed Of the car o-im^^^^ ^^^^^^ 

desired P"— .^.^er necessary to pattern the 
electrode, and it is no y ^^e electron 

carbon film in a desired '^^^.^^ ^Im has a 

emitting portion being composed of the^^^ ^^^^^^^ ^^^^^ 

, low threshold -^^"^^/"^ ""eiLtron emission efficiency, 
emission device having high e ^.^^^^ 
,„rther, there can be obtained a cold 
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>, the performances of low power 

emrssion display hav.ng the per ^^ective 
eonsumptron and ,.alit, 

field increases rn "^^ ;;,;^-;,,,„,aingly increases to 
cathode : emitting portron for each 

a great extent, the ^^^^^^ 

.Old cathode -;-—::: r electron emission 
good accuracy so hat ^^^^^ ^^^^^^^^ 

efficiency of the cox effective fxeld, 

3..ained o.er - --t -^Lf^on drsplays having the 

' :::ran:erorrar.a.ie freedo. o^^;^;;—- ^" 

Lightness and high guality ^^H^llZ^^l', relatrvely 
Moreover, the =«.on f 1. ca ^.e for.^^^^^ ^^^^ 

. ra^sTportir^s^sttate, !nd the production cost .or 
the display can be decreased^. ^ ^ 



